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7. I  GROUNDWATER HYDROLOGY

7.1 .0  SCOPE

Sec t i on  7 .L  p resen t s  d i scuss ion  o f  g roundwa te r  cond i t i ons
w i t h i n  and  ad jacen t  t o  t he  pe rm i t  a rea ,  wh i ch  cons i s t s  o f  l ease
a reas  SL  062648  and  U  054762  (F igu re  7 - I ) .  Conc lus i ons  d rawn
he re in  a re  based  upon  a  de ta i l ed  seep  and  sp r i ng  su rvey  o f  t he
a rea  ,  I  im i t ed  exp lo ra to r y  d r i  11  i ng  ,  and  t he  resu l t s  o f
g roundwate r  i nves t i ga t i ons  conduc ted  by  o the rs  i n  t he  reg ion  o f
t he  m ine .

7 .1 .1  METHODOLOGY

Seep  and  sp r ing  su rveys  ! "e re  conduc ted  on  June  5  and  7 ,  1985
and  Oc tobe r  L4  and  15 ,  1985  w i t h i n  an  a rea  t ha t  ex tended
app rox ima te l y  one  m i l e  no r t h ,  wes t ,  and  sou th  o f  t he  bounda r i es
o f  t he  pe rm i t  a rea .  The  s tudy  a rea  fo r  t he  su rvey  was  bounded  by
Hun t i ng ton  C reek  on  t he  eas t ,  B l i nd  Canyon  on  t he  no r t h ,  and  t he
r i dge  be tween  C randa l l  Canyon  and  L i t t l e  Bea r  Canyon  on  t he
sou th .  The  wes te rn  ex ten t  o f  t he  seep  and  sp r ing  su rvey  ex tended
one  m i l e  wes t  o f  t he  wes te rn  bounda ry  o f  t he  ex i s t i ng  pe rm i t t ed

' a rea  ( see  F igu re  7 -L  f o r  s t udy  a rea  bounda ry ) .

An  ae r i a l  r econna i ssance  o f  t he  su rvey  a rea  h tas  i n i t i a l l y
conduc ted  t o  p rov ide  an  i nd i ca t i on  o f  sp r i ng  l oca t i ons  and  s i t e
access ib i l i t y .  The  a rea  was  t hen  t r ave rsed  on  f oo t  t o  a l } ow
sp r i ngs  and  seepage  po in t s  t o  be  p rec i se l y  l oca ted ,  exam ined  '  and
sampl  ed,

Geo log i c  cond i t i ons  a t  a l l  seeps  and  sp r i ngs  we re  no ted  i n
the  f i e l d '  i n c l ud ing  l i t ho log i c  and  s t r uc tu ra l  con t ro l s  and  t he
geo log i c  fo rma t ion  f rom wh ich  the  seepage  i ssued .  S igns  o f  usage
were  a l so  no ted .  The  f  l ow  ra t .e  was  v i sua l l y  es t  ima ted  and  (  i  f
su f  f  i c  i en t  wa te r  was  p resen t  )  a  samp le  o f  t he  $ ta te r  ! { as
co l l ec ted .  The  tempera tu re  o f  t he  wa te r  i ssu ing  f rom the  sp r ing
was  measured  a t  t he  s i t e .  A l l  samp les  were  subsequen t l y  ana lyzed
in  the  f  i e l d  f  o r  p t {  and  spec  i  f  i c  conduc tance  .

Reg iona l  g roundwa te r  cond i t i ons  we re  de te rm ined  f r om a
rev iew  o f  ava i l ab le  l i t e ra tu re .  Whe re  app rop r i a te r  cooc lus i ons
d rawn  f rom inves t i ga t i ons  e l sewhere  i n  t he  reg ion  $ te re  used  to
de te rm ine  app rox ima te  l oca l  cond i t i ons .

7 -5 2/L0  /e8
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7  . I . 2  EX IST ING GROUNDWATER RESOURCES

7.  L .  2 .  I  Reg iona l  Groundr , , ra te r  Hyd ro logy

F i ve  f o rma t i ons  ou t c rop  i n  t he  v i c i n i t y  o f  l ease  a reas  SL
062648  and  U  054762  (F igu re  7 -1 ) .  Acco rd ing  t o  Doe l l i ng  (L972 ) ,
the  Masuk  Sha le  Member  o f  t he  Mancos  Sha le  (Km on  F igu re  7 - I l -  i s
a  l i gh t  g ray  t o  b l ue -g ray  mar i ne  sandy  sha le  i n  t he  m ine
v i c i n i t y .  Th i s  un i t  i s  exposed  a t  t he  mou th  o f  C randa l l  Canyon
and  i n  ad jacen t  a reas  a l ong  Hun t i ng ton  C reek .  The  Masuk  Sha le
Member  y i e l ds  wa te r  l oca l l y  t o  seeps .and  sp r i ngs  bu t  does  no t
se rve  as  a  reg iona l l y  impo r tan t  agu i f e r  (Dan ie l son  e t  d l . ,  1981 ) .

The  S ta r  Po in t  Sands tone  (Ksp )  i s  p redom inan t l y  a  l i gh t -
g ray  mass i ve  sands tone  w i t h  m ino r  i n t e rbedded  l aye rs  o f  sha le  and
s i l t s t one  nea r  i t s  base  (Doe l1 i ng ,  L972 ) .  I n  t he  v i c i n i t y  o f  t he
m ine ,  t he  S ta r  Po in t  Sands tone  i s  350  t o  450  f ee t  t h i ck .  The
S ta r  Po in t  se r ves  as  an  impo r tan t  r eg iona l  agu i f e r  (Dan ie l son  e t
a1 . ,  1981  )  ,  y i e l d i ng  wa te r  t o  seve ra l  m ino r  and  some  ma jo r
sp r i ngs  whe re  f r ac tu red  and  j o i n ted .

The  B lackhawk  Fo rma t i on  (Kb )  i s  t he  p r i nc i pa l  coa l - bea r i nE
un i t  i n  t he  reg ion  (Doe l l i ng ,  1972 ) .  Th i s  f o rma t i on  cons i s t s  o f
i n t e rbedded  I aye rs  o f  sands tone ,  s i l t s t bne ,  sha le ,  and  coa l ,  and
reaches  a  t h i ckness  o f  abou t  1000  f ee t  i n  t he  m ine  a rea .  The
p r i nc i pa l  coa l  seam ( t he  H iawa tha  seam)  i s  p resen t  nea r  t he  base
o f  t he  fo rma t ion .  The  fo rma t ion  y ie lds  wa te r  t o  sp r ings  and  coa l
m ines  when  f r ac tu red .  Where  i t  i s  l oca l l y  i n t e rbedded  w i t h  t he
S ta r  Po in t  Sands tone ,  t he  l owe r  po r t i on  o f  t he  B lackhawk
Fo rma t i on  i s  cons ide red  an  aqu i f e r  (Dan ie l son  e t  a l . ,  1981 ) .

The  P r i ce  R i ve r  Fo rma t i on  ove r l i es  t he  B lackhawk  Fo rma t i on
and  cons i s t s  o f  t he  basa l  t an  t o  b rown  c l i f f - f o rm ing  Cas t l ega te
Sands tone  (Kc )  and  t he  s l ope - fo rm ing  Uppe r  P r i ce  R i ve r  Member
(Kp r ) .  F l uv i a l  sands tones  o f  t he  Cas t l ega te  a re  mass i ve  and
med iu rn -  t o  coa rse -o ra i ned . I n  t he  a rea  o f  t he  m ine ,  t he
Cas t l ega te  i s  app rox ima te l y  200  f ee t  t h i ck .  The  Cas t l ega te
y ie l ds  wa te r  l oca I l y  t o  seeps  and  sp r i ngs  bu t  does  no t  se rve  as
an  impo r tan t  r eg iona l  agu i f e r  because  i t  i s  common ly  d ra i ned
w i t h i n  sho r t  d i s t ances  f r om i t s  r echa rge  a rea  due  t o  deep l y
i nc i sed  canyons  (Dan ie l son  e t  a l . ,  1981 ) .

The  Upper  P r i ce  R ive r  Member  (Kp r )  cons i s t s  p redominan t l y  o f
f r i ab le  ca l ca reous  sands tone  i n te rbedded  w i t h  pebb l y
cong lomera tes  and  sha les .  f t  f o rms  s teep  reced ing  s l opes  and
reaches  a  max imum th i ckness  o f  abou t  500  f ee t  i n  t he  m ine  a rea
(Doe l l i ng  ,  L972 \ .  Th i s  f o rma t i on  y i e l ds  wa te r  l oca l l y  t o  seeps
and  sp r i ngs  (Dan ie l son  e t  d1 . ,  1981 ) .  HoweV€r r  l i ke  t he
Cas t l ega te  Sands tone ,  deep ly  i nc i sed  canyons  i n  the  a rea  p reven t
t he  Uppe r  P r i ce  R i ve r  Member  f r om be ing  an  impo r tan t  r eg iona l
aqu i  f e r .
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The  uppe rmos t  f o rma t i on  t ha t  ou t c rops  w i t h i n  t he  a rea
ad jacen t  t o  t he  m ine  a rea  i s  t he  No r th  Ho rn  Fo rma t i on  (Tkn ) .
Th i s  f o rma t i on  cons i s t s  o f  i n t e rbedded  l imes tones ,  sands tones ,
and  sha les  (Doe l l i ng ,  L9 -12 ) .  Due  t o  h i gh  t opog raph i c  p resence
bu t  l im i t ed  ae r i a l  ex ten t  nea r  t he  m ine  a rea ,  t he  No r th  Ho rn
Fo rma t i on  i n  t he  v i c i n i t y  o f  t he  pe rm i t t ed  and  p roposed  l ease
a reas  se rves  p r ima r i l y  as  a  r echa rge  un i t  t o  unde r l y i ng
fo rma t ions  ra the r  t han  as  an  impor tan t  sou rce  o f  wa te r  i t se l f .

I nves t i ga t i ons  by  Dan ie l son  e t  a1 .  (  1981  )  i nd i ca ted  t ha t
mos t  ,  i f  no t  a l l ,  g roundwa te r  i n  t he  reg  i on  i s  de r i ved  f r om
snowme l t .  Recharge  tends  to  be  l im i ted  i n  a reas  under la in  by  the
Pr i ce  R i ve r  Fo rma t i on  and  o l de r  r ocks  ( r e l a t i ve  t o  r echa rge  i n
a reas  unde r l a i n  by  younge r  r ocks  )  due  t o  s l ope  s teepness  and
re la t i ve  imperv iousness  (bo th  o f  wh ich  p romote  runo f f  ra the r  t han
in f i l t r a t i on  o f  sno r rme l t )  .

.  De ta i l ed  po ten t i ome t r i c  su r f ace  da ta  a re  no t  ava i l ab le  f o r
t he  reg ion  su r round ing  t he  pe rm i t  a rea .  Howeve r ,  t he  deep l y
inc i sed  canyons  i n te r rup t  t he  f l ow  o f  g roundwate r  i n  much  o f  t he
a rea .  Dan ie l son  e t  a l .  ( 1981 )  sugges t  t ha t  g roundwa te r  gene ra l l y
moves  f r om h igh  a reas  o f  r echa rge  t o  l ow  a reas  o f  d ra i nage t
p r i nc i pa l l y  a l ong  s t r eam channe l s .  Th i s  f l ow  pa t l e rn  i s  a l t e red
Ioca l l y  where  geo log i c  s t ruc tu re  p lays  a  dominan t  ro le .  I

The  p redominan t  chemica l  cons t i t uen ts  i n  mos t  sp r i ngs  i n  t he
reg ion  a re  ca l c i um and  b i ca rbona te  (Oan ie l son  e t  a I  . 1  1981 ) .
D i sso l ved  so l i ds  concen t ra t i ons  gene ra l l y  r ange  f r om abou t  50  t o
750  m i l l i g rams  pe r  l i t e r .  Reg iona l l y r  t he  concen t ra t i ons  o f
ma jo r  d i sso l ved  cons t i t uen t s  i n  wa te r  f r om i nd i v i dua l  geo log i c
un i t s  i s  h i gh l y  va r i ab le ,  due  t o  t he  comp lex  l i t ho log i c  na tu re  o f
t he  a rea  (Dan ie l son  e t  a l . ,  1981 ) .

7 .1 .2 .2  M ine  P lan  A rea  Aqu i f e r s

Resu l t s  o f  t he  seep  and  sp r ing  i nven to r i es  conduc ted  i n  the
s tudy  a rea  $ te re  subm i t t ed  p rev ious l y  t o  DOGI ' {  (Ea r thFax
Eng inee r i r g ,  1985a ,  1985b ) .  Loca t i ons  o f  t he  seeps  and  sp r i ngs
d i scove red  du r i ng  t he  i nven to r i es  a re  shown  i n  F igu res  7 -2  and
7 -3 .  Da ta  co l l ec ted  du r i nq  t he  i nven to r i es  a re  i nc l uded  i n
Tab les  7 - I  and  7 -2 .

Ove r  50  pe rcen t  (  43  ou t  o f  B0  )  o f  t he  seeps  and  sp r i ng
d i scove red  du r i ng  t he  June  1985  i nven to r y  i s sued  f r om the
B lackhawk  Fo rma t i on .  Howeve r ,  f l ow  ra tes  a t  t hese  po in t s  we re
no rma l l y  m in ima l  ( I ess  t han  one  ga l l on  pe r  m inu te ) ,  w i t h  seepage
i ssu ing  p redom inan t l y  a t  t he  i n te r f ace  be tween  sands tone  l enses

1 -8 2/ r0 /88
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Tab le  7 -L "  t t esu l t s  o f  June  l - 985  seep  and  sp r i ng  su rvey .

F i e  1 d
Nunrber

F  L o w
(gprn)

plI
(  t l n i  t s  )

S p e c  i  f  i c
g o n 6 .  ( a )

Temp
(oc )

G e o l o g y Use

{
I

ts
ts

S P - 1

S P - 2

S P - 3

S P - 4

sP-5

S P - 6

S P - 7

S P - 8

S P - 9

st)-  10

( b )

( b )

8 . 1 2

7 . 8 6

( b )

7  " 6 7

8 . 3 6

7 . 9 5

( b )

7 . 9 0

( b )

(b )

730

660

(b )

590

440

280

(b )

220

( b )

( b )

r -7 .0

10 .0

(b )

4 .5

10 "0

3 .5

(b )

1_0 .0

From base of  Starpoi .n t  SS over
Masuk Sh.  Member of  Mancos Sh"

Fro$ base of  Starpoint  SS over
Masuk  Sh .  Member  o f  Mancos  Sh .

F rom sands tone  bedd ing  p lane
in  S ta rpo in t  SS

From col  luv ium at  head of
Iands l i de  i n  B lackhawk  Fm.

From co l  l uv ium ove r  sands tone
in  S ta rpo in t  SS

From sands tone  bedd ing  p lane
in  B lackhawk  Fm.

From snow patch at  top of
Cas t l ega te  SS

From sno\^/ patch at top of
Cas t l ega te  SS

From sands tone /sha le  i n te r face
Cas t l ega te  SS/B lackhawk  Fm"

From snow patch at  base of
Cas t l ega te  SS

None

None

None

S i g n s  o f

None

S i g n s  o f

S i g n s  o f

S i g n s  o f

None

W i l d l , i f e

W i l d l i f e

W i  1 d  1  i f e

W i l d l i f , e

10

20

40 S i g n s  o f  W i l d l i f e

@

@

o
@



T a b L e  7 - L "  ( C o n 1 - j - n u e d ) .

b " i e l d
I,lumber

F l o w
( g p m )

pH
(  U n i t s  )

S p e c i f i c
cbna.  (a)

Temp
(oc  )

G e o l o g y Use

sP- l -  L

sP- l- 2

SP_1  3

/ (  se-ra

sP- 1- 5

S P - 1  6

S P - 1  7

{  se-ra

15

25

(b )

7  "66

B .  s7

8 .1 -0

(b )

8 .34

7 "7r

7  "42

7 "60

( b )

( b )

250

r_00

r_50

( b )

560

460

500

620

(b )

(b )

3 "0

7 .4

5 .5

(b )

l _4 .5

r "0"0

7 .0

6 .5

(b )

From col luv ium over  sandstone
o f  Cas t l , ega te  SS

From base  o f  sands tone  (P r i ce
River  Fm. )  in  channel  bot tom

From sands tone  a t  head  o f  s l i de
in  P r i ce  R ive r  Fm.

From f ractured sandstone and
so i l  i n  P r : i ce  R ive r  Fm.

F rom co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From sands tone  a t  head  o f  s l i de
in  B lackhawk  Fm.

F rom sands tone / sha le  i n t e r f ace
in  B lackhawk  Fm.

From sands tone  bedd ing  p lane
in  S ta r  Po in t  SS

From sanc l s tone  a t  head  o f  s l i de
in Blackha-wk Fm.

From sands tone  bedd ing  p lane
in  S ta r  Po in t  SS

None

S i g n s  o f  W i L d l i f e

S i g n s  o f  W i l d l i f e

S l - g n s  o f  W i l d l i f e

None

S i g n s  o f

S j -gns  o f

S i g n s  o f

None

None

W i  1 d 1  i f e

W i  1 d 1  i f e

W i  t d 1  i f e

d
I

, t s
N)

10

SP-20



o
T a b l e  7 - I .  ( C o n t i n u e d )  "

F i e l d
Number

F  l o w
( g p m )

pH
(  U n i t s  )

Spec  i  f  i c
g o n 6 .  ( a )

Temp
(oc )

Geology Use

sP-2 l -

@
SP.2  3

8 .53

B  "  05

B .02

7 .35

6 .  B0

(b )

(b )

(b )

(b )

8 .10

B2A

230

550

790

820

(b )

(b )

(b )

(b )

1_060

1_3 "  5

3 ,5

6 .0

6 .0

1_0 .  0

(b )

(b )

(b )

(b )

1_6 .5

From sands tone  bedd ing  p lane
in  S ta r  Po in t  SS

From f ractured sandstone over
sha le  i n  B lackhawk  Fm.

From sands tone /sha le  i n te r face
in  B lackhawk  Fm.

From sands tone /sha le  i n te r face
in Blackhawl< Fm.

From sands tone  bedd ing  p lane
in  S ta r  Po in t  SS

From road  cu t ,  sands tone  bed -
d ing  p lane  i n  S ta r  Po in t  SS

From co l  l uv ium ove r  sands tone
i  n  S ta r  Po in t  SS

S i g n s  o f  r l i l d l i f e

None

None

S i g n s  o f

None

lilone

b{one

W i - L d l i f e{
I

F
UJ

SP-24

SP-2  5

sP-2  6

SP-27

SP-28

<1

S P - 2  9

,r-,

tI9

0

<<l_

0

1
I

From road cu t ,  sands tone bed-  None
d i n g  p l a n e  i n  S t a r  P o i n t  S S

F r o m  r o a d  c u t ,  s a n d s t o n e  b e d -  N o n e
d i n g  p l a n e  i n  S t a r  P o i n t  S S

F r o m  s a n d s t o n e / s h a l e  i n t e r f a c e  N o n e
i n  B L a c k h a w k  F m .



T a b l e  7 - L .  ( C o n t i n u e d )

F i e l d
Number

F l o w
( g p m )

pH
(  U n i t s  )

Spec i f i g  Temp
cond .  ( a )  ( oc )

G e o l o g y Use

S P - 3  1

S P - 3  2

S P - 3 3

S P - 3  4

S P - 3  5

S P - 3  6

S P - 3  7

S P - 3 8

S P - 3 9

S P - 4  O

0

<<1-

0

0

2

0

<1

0

n

( b )

( b )

( b , )

( b )

( b )

8 . 3 9

( b )

8 . 2 2

( b )

( b )

( b )

( b )

( b )

( b )

( b )

8 9 0

( b )

l - 1 - 8 0

( b )

( b )

( b )

( b )

(h ,  )

( b )

( b )

1 6 " 0

( b )

9 . 0

( b )

( b )

0 Fro?n col luv ium over  sandstone
in  B lackhawk  Fm.

From col  luv ium over  sandstone
in  B lackhawk  Fm.

From a l  l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l  l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

Fro rn  sands tone /shaLe  in te r face
in  B lackhawk  Fm.

From sands tone  bedd ing  p t rane
in  B lackhawk  Fm.

F ' rom sands tone /shaLe  in te r face
in  B lackhawk  Fm"

From sands tone  bedd ing  p lane
in  B lackhawk  Fm"

From sands tone  bedd ing  p lane
in  B lackhawk  Fm"

S i - g n s  o f  W j - l d L i f  e

None

None

N o n e -

None

None

None

None

S i g n s  o f

t{one

{
I

H
,F

Wi ldl- i fe



T a b l e  7 - L .  ( C o n t i n u e d ) .

F i e  l d
Number

F l o w
( g p m )

pH
(  U n i t s  )

S p e c  i f  i c
g o n 6 -  ( a )

Temp
(oc  )

G e o l o g y Use

\t
I

(tl

sP-4 l_

S P - 4  2

S P - 4  3

sP-4  4

sP-4  5

S P - 4  6

SP_4  B

SP-4  9

SP-50

<<1

<<1

0

0

0

0

0

0

0
o

0

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

{ b }

( b )

( b )

( b )

( b )

( t , )

( b )

( b )

( b )

( b )

( b )

( b )

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B lackhawk  Fm.

From co l l uv ium ove r  sands tone
in  B Iac l<hawk  Fm.

From sands tone  bedd inE  p lane
in  Cas t l ega te  SS

From sands tone  bedd ing  p lane
in  Cas t l ega te  SS

From co lLuv ium ove t r  sands tone
in  B lackhawk  Fm.

Fron r  sands tone  bedd ing  p lane
in  road  cu t  i n  B lackhawk  F rn .

F ro rn  sands tone /sha le  i n te r face
in  s lump in  BLackhaw l<  Fm.

None

S i g n s  o f  W i l d l i f e

None

None

None

t'trone

None

l,{one

lrlone

None



T a b l e  7 - L .  ( C o n t i n u e d )

F i e l d
Number

F low
( g p m )

pH
(  U n i t s  )

S p e c i f i c
cbna.  (a)

G e o l o g yTemp
(oc  )

Use

15

10

1-5

i {
ts

SP-5  7

@
S P - 5  9

sP-51 -

SP-52

SP-5  3

SP-5  4

SP-55

Y  S P - 5 6

10

(b )

7  . 99

7 .3L

7  . 35

7  . 36

7 "6r

7"35

7  "40

7  "43

(b )

(b )

600

490

500

480

490

480

500

690

(b )

(b )

L2  . 0

5 .5

5 .5

5 .5

5 "5

5 "5

5 .0

7 .0

(b )

F r o m  s a n d s t o n e / s h a l e  i n t e r f a c e  N o n e
i n  s L u m p  i n  E l a c k h a w k  F m .

F r o n  c o l l u v i u m  o v e r  s a n d s t o n e  s i g n s  o f  w i l d 1 i f e
i n  B l a c k h a w k  F m " ,  w /  t r a v e r t i n e

F r o m  f r a c t u r e d  s a n d s t o n e  w i t h  S i g n s  o f  W i l d l i f e
t raver t ine  in  ts lackhawk Fm.

F r o m  f r a c t u r e d  s a n d s t o n e  w i t h  S i c r n s  o f  W i l d l i f e
t r a v e r t i n e  i n  B l a c k h a w k  F m .

F r o m  f r a c t u r e d  s a n d s l - o l t e  w i t h  S i g n s  o f  W i l d l i f e
t r a v e r t i - n e  i n  B l a c k h a w k  F m .

F ' r o m  f r a c t u r e d  s a n d s t o n e  w i t . h  S i g n s  o f  W i l d l j - f e
t raver t ine  in  B lackhawk ! -m.

F r o m  f r a c t u n e d  s a n d s t o n e  w i t h  S i g n s  o f  W i l d l i f e
t r a v e r b i n e  i n  B l a c k h a w k  F m .

F r o m  f , r a c t u r e d  s a n d s t o n e  i n  S i g n s  o f  W i l d l i f e
B l a c k h a w k  F m -

F r o m  c o l  l u v i u m  o v e r  s a n c l s t o n e  S J - E n s  o f  W j - l d l i f  e
i n  B l a c k h a w k  F m .

Frorn  sands tone bedd ing  p lane None
i n  C a s t l e g a t e  S S

S P _ 6 0



T a b l e  7 - L " ( C o n L j " n u e d )  "

F i e l d
Number

F  l o w
(spm)

pH
(  Un i t s  )

S p e c i f i c
s o n 6 .  ( a )

G e o l o g yTemp
(oc  )

Use

1 5

0

1_0

1_5

-J
I

F
{

S P - 6  1

S P - 6  2

S P - 6 3

sP-6  4

S P - 6  5

S P - 6 6

S P - 6  7

S P - 6  B

S P - 6 9

S P - 7 0

7  . 3 6

( b )

( b )

7 . 3 3

1 " 4 3

( b )

( b )

( b )

( b )

7 . L 7

4 5 0

( b )

( b )

4 4 0

4 3 0

( b )

( b )

( b )

{ b }

5 5 0

2 . 0

( b )

( b )

3 . 0

5 " 0

( b )

( b ) '

{ b }

( b )

3 . 5

Frsm f ractured sandstone in
Pr i ce  R ive r  Fm.

F rom sands tone lsha le  i n te r face
in  P r i ce  R ive r  Fm.

F rom sands tone /sha le  i n te r face
in  P r i ce  R ive r  Fm.

F rom f rac tu red  sands tone  i n
Pr i ce  R ive r  Fm"

F' rom col  luv ium over  sandstone
in  P r i ce  R ive r  Fm.

F rom sands tone / sha le  i n t e r f ace
i -n  B lackhawk  Fm.

From sandstone beddi -ng p lane
in  Cas t l ega te  SS

Fron r  sands tone  bedd ing  pLane
j .n  Cas t . l ega te  SS

Frorn sandstone bedding p lane
in  Cas t l ega te  SS

From f ractur :ed sandstone i r r
i n  P r i ce  R i ve r  Fm"

S igns  o f  W j - l d1 i fe

None

None

0

S i g n s .  o f

S i g n s  o f

None

None

tilone

None

W i  1 d  1  i f e

W i L d L i f e

1-5 S i - g n s  o f  W i I d i . i f e



"o
T a b l e  7 - I .  ( C o n t i n u e d ) .

F i - e L d
Number

F Low
( E p m )

pH
{  U n i t s  }

S p e c i f i c
9 6 n 6 .  ( a )

Ternp
(oc )

G e o l o g y Use

-.!

H
@

S P - 7 1

SP-72

S P - 7 3

S P - 7  4

S P - 7 5

S P - 7  6

S P - 7 7

S P - 7 8

S P - 7 9

S P - B O

n

<< l"

0

0

0

t-

0

0

0

0

( b )

( b )

( b )

( b )

( b )

7  : 4 8

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

( b )

9 6 0

( b )

( b )

{ b )

tb )

( b )

( b )

( b )

( b )

( b )

1 0 . 0

( b )

( h , )

( b )

( b )

From sandstone becld ing Plane
in  Cas t l ega te  SS

From sands tone / sha Ie  i n te r f ace
in  P r i ce  R ive r  Fm.

F rom sands tone /sha le  i n te r face
in  B lackhawk  Fm.

From sands tone /sha le  i n te r face
in  B lackhawk  Fm"

From sands tone /sha le  i n te r face
in  B lackhawk  Fm.

F rom sands tone / sha le  i n t e r f ace
in  B lackhawk  Fm.

From sands tone /sha Ie  i n te r face
in  B lackhaw l<  Fm.

From sands tone  bedd ing  P lane
in  S ta r  Po in t  SS

From sands tone  bedd ing  P lane
in  S ta r  Po in t  SS

From sands l -one  bedd inE  P lane
in  S ta r  Po in t  SS

None

None

blone

None

None

S j-gns

None

None

None

None

o f  W i l d l i f e

( a )  r n  pmhos / cm
(b )  t nsu f f i c i en t

at  25oC
wate r  t o  samp le



Tab le  7 -2 .  Resu l t s  o f  oc tobe r  1985  seep  and  sp r i ng  i nven to r y .

F  i e l d
Number

Flow
(gpm)

pH
(Un i t s )

Spec i f i e  Temp
son6. (a )  (  C l

S P . 1

sP-2

SP-3

sP-4

S P . 5

S P . 6

S P - 7

S P - 8

S P - 9

S P - 1 0

sP- l  I

sP-1  2

SP- I  3

sP-1  4

SP- I  5

sP-1  6

sP-1  7

sP-1  I

sP-19

SP-20

Dry

Dry

Dry

0

Dry

Dry

Dry

Dry

Dry

0

Dry

0

Dry

1

Dry

Dry

Dry

2

1

Dry

( b )

/ l r l

( b )

7 .74

8 .  15

8 .27

(b )

(b )

(b )

340

450

530

/ h \

( b )

(b )

6 .0

3 .0

3 .5

7 -L9 2/  Lo /e8



Tab le  7 -2 . (  Con t inued  )  .

F  i e l d
Number

F low
(gpn )

pH
(Un i t s )

Spec i f i c  Temp
Cond . (a )  (  C l

sP-2 1

sP-22

sP-23

SP-24

SP-2  5

SP-26

sP-27

sP-28

SP-29

sP-30

sP-3 1

SP-3  2

SP-3  3

SP-34

SP-3  5

SP-36

SP-3  7

SP .38

sP-3  9

sP-4  0

Dry

I

2

Dry

Dry

0

0

Dry

. Dry

<1

Dry

Dry

Dry

Dry

Dry

1

Dry

DTY

Dry

Dry

7  . 32

8 .  08

(b )

(b )

8 .  19

7 .85

3s0

670

(b )

(b )

1150

950

3.5

3 .5

(b )

(b )

4 .0

4 .0
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Tab le  7 -2 . (  Con t inued  )  .

F  i e l d
Number

F low
(qpm)

pH
(  Un i . t s  )

Spec i f i q  Tomp
cona. (a)  (  c )

SP-4  1

sP-42

SP-4  3

sP-44

SP-4  5

sP-4  6

SP-4  7

SP-4  8

sP-4  9

sP-50

sP-51

SP-5  2

sP-53

SP-54

sP-55

SP-5  6

SP-5  7

SP-58

SP-5  9

SP-50

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

t

5

5

l0

l 5

6

5

1

Dry

8 .  00

7  . 95

8 .07

7 .  59

7 .  90

7  . 56

7  . 70

7 .86

540

470

s00

530

470

470

500

520

7.0

5 .0

) .  )

5 .5

5 .5

4 .5

9 .0

5 .0
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Tab le  7 -2 . (  Con t i nued  )  .

F  i e l d
Number

F low
(gpm)

pH
(  Un i t s  )

Spec i f i g  Temp
Cond. (a )  (  C)

o

sP-5 1

SP-6 2

SP-5  3

sP-64

SP-5  5

SP-6  6

sP-6  7

sP-5  8

sP-6  9

sP-70

sP-7  1

sP-7 2

sP-7  3

SP-7  4

SP-7  5

SP-7  6

sP-17

SP.7  8

SP-7  9

SP.8O

1

Dry

Dry

Dry

<1

Dry

Dry

Dry

Dry

0

0

Dry

Dry

Dry

Dry

I

Dry

Dry

Dry

Dry

8 .15

8 .  18

tb )

( b )

8 .35

450

500

(b )

(b )

850

9.0

5 .  f ,

( b )

(b )

5 .0

(31 rn  umhos/cm
( o l  I nsu f f i c i en t

at  25oC
wate r  t o  samp le
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above  and  l ess  pe i rneab le  sha le  l aye rs  be low .  By  the  t ime  o f  t he
oc tobe r  1985  su rvey ,  27  o f  t hese  seeps  and  sp r i ngs  had  d r i ed  up
(compare  F igu res  7 -2  and  7 -3 ,  Tab les  7 -L  and  7 -2 ) .  Usage  a t
t hese  po in t s  o f  seepage  i s  m in ima l r  due  t o  t he  l ow  f l ow  ra te  and
o f t en  i naccess ib i l i t y  o f  t he  seeps .

The  l ow  seepage  ra tes  measu red  i n  mos t  o f  t he  seeps  and
sp r ings  i ssu ing  f rom the  B lackhawk  Fo rmat ion  a re  due  to  the  l ow
hyd rau l i c  conduc t i v i t y  o f  t he  f o rma t i on  i n  i t s  un f rac tu red  s ta te .
Labo ra to r y  pe rmeab i l i t y  da ta  p rov ided  by  L i nes  (1985 )  f r om a  co re
samp le  co l l ec ted  i n  Sec t i on  27 ,  T .  L7  S . ,  R .  6  E .  ( app rox ima te l y
t0  m i l es  sou th  o f  t he  ex i s t i ng  pe rm i t t ed  a rea )  i nd i ca te  t ha t
sands tone  un i t s  w i t h i n  t he  B lackhawk  Fo rma t i on  have  an  ave rage
ho r i zon ta l  hyd rau l i c  conduc t i v i t y  o f  1 .3xLO-2  f ee t ^pe r  day  and  an
ave rage  ve r t i ca l  hyd rau l i c  conduc t i v i t y  o f  3 .8x10 - r  f ee t  pe r  day .
Tes ted  samp les  o f  sha les  and  s i l t s t ones  w i t h i n  t he  B lackhawk
Fo rma t  i on  have  max  imum ho r  i  zon ta l  and  ve_ r t i ca l  hyd rau l i c
conduc t i v i t i e s  o f  1 .0x10 -7  and  L .2x1O-5  f ee t  pe r  day ,
respec t i ve l y  ( L i nes ,  1985 ) ,

The  re l a t i ve l y  l a rge  hyd rau l i c  conduc t i v i t y  o f  t he  sand -
s tones  o f  t he  B lackhawk  Fo rma t i on  compared  w i t h  t he  s i l t s t ones
and  sha les  i nd i ca tes  t ha t  t he  f i ne r -g ra i ned  sed imen ts  o f  t he
fo rma t i on  se rve  as  ba r r i e r s  t o  t he  downward  movemen t  o f  wa te r .
I n  s imp le  t e rms  r  ds  wa te r  r echa rges  t he  B lackhawk  Fo rma t i on
(e i t he r  t h rough  snowme l t r  Fd in fa l l  t  oy  subsu r face  seepage  f r om an
ad jacen t  f o rma t i on ) ,  i t  i s  pe rm i t t ed  t o  pe rco la te  downward  w i t h i n
the  sands tone  beds .  Ho$ /eve r ,  upon  reach ing  a  l ess -pe rmeab le
s i l t s t one  o r  sha le  l aye r r  t he  wa te r  i s  f o r ced  t o  f l ow  1a te ra11y
to  t he  su r f ace ,  i s su ing  a t  t he  i n te r f ace  be tween  two  un i t s  o f
con t ras t i ng  hyd rau l i c  conduc t i v i t y .

No tab le  excep t i ons  t o  t he  above  gene ra l i t y  conce rn ing  t he
B lackhawk  Fo rmat ion  a re  p resen t  a t  a  few  sp r ings  tha t  i ssue  f rom
f racLu red  sands tone  w i t h i n  t he  f o rma t i on .  Examp les  o f  t h i s
phenomenon  a re  p resen t  i n  t he  wes te rn  po r t i on  o f  t he  su rvey  a rea
(SP-53  t h rough  SP-58 ) ,  whe re  f l ow  ra tes  o f  up  t o  l 5  ga l l ons  pe r
m inu te  we re  measu red  du r i ng  bo th  t he  June  and  Oc tobe r  i nven -
to r i es .  T rave r t i ne  depos i t s  a re  common a t  t hese  sp r i . ngs  '  wh ich
sugges ts  tha t  t he  recha rge  a rea  fo r  t hese  sp r ings  i s  domina ted  by
l imes tone  (p robab ly  the  Nor th  Horn  Fo rma t ion  on  the  r i dges  to  the
nor th  and  wes t ) .  The  B lackhawk  Fo rmat ion  apparen t l y  se rves  more
as  a  conveyance  body  ra the r  t han  a  s i gn i f i can t  sou rce  o f  wa te r  t o
these  sp r i ngs .

Seve ra l  seeps  and  sp r i ngs  i s sue  a t  t he  s i t e  f r om co l l uv i um
over l y ing  sands tone  o f  t he  B lackhawk  Fo rmat ion  and  the  Cas t l ega te
Sands tone .  These  seeps  no rma l l y  a re  p resen t  i n  d ra inage  bo t toms
where  sha l l ow  subsu r face  wa te r  co l l ec t s  a t  t opog raph i c  l ows .
Nea r l y  a l I  f l ows  f r om seeps  o f  t h i s  t ype  \ . r e re  i ns i qn i f i can t  i n
bo th  June  and  Oc tobe r ,  sugges t i ng  ( toge the r  w i th  the  t . opograph ic
pos i t i on )  t ha t  t hese  seeps  a re  i n te rm i t t en t  i n  na tu re .
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Most  seeps  and  sp r ings  i ssu ing  w i th in  the  su rvey  a rea  f rom
the  Cas t l ega te  and  S ta r  Po in t  Sands tones  f l ow  f rom bedd ing  p lanes
w i t h i n  t hese  f o rma t i ons .  F l ows  i s su ing  i n  t h i s  manne r  we re
gene ra l l y  l ow  du r i ng  t he  June  i nven to r y  ( l ess  t han  one  ga l l on  pe r
m inu te )  and  nonex i s ten t  du r i ng  t he  Oc tobe r  i nven to r y .  On l y
occas iona l  usage  o f  t hese  sou rces  r ^ ras  ev  i den t  (  due  t o
i naccess ib i l i t . y  and  1ow  f l ow  ra te ) .

As  no ted ,  f l ow  ra tes  measured  du r ing  the  Oc tobe r  su rvey  h te re
gene ra l l y  s i gn i f i can t l y  l ess  t han  t hose  f ound  du r i ng  t he  June
su rvey .  I n  June ,  a  t o ta l  o f  80  seeps  o r  sp r i ngs  l r e re  f ound ,  34
o f  wh i ch  had  su f f i c i en t  f l ow  t o  samp le  ( t he  rema in i ng  46  \ { e re
seeps  tha t  cou ld  no t  be  samp led  )  .  I n  Oc tobe r ,  55  o f  t he  sou rces
o r i g i na l l y  d i scove red  we re  d r y .  An  add i t i ona l  7  sou rces  ex i s t ed
on l y  as  seeps ,  w i t h  on l y  18  o f  t he  o r i q i na l  sou rces  hav ing
su f f i c i en t  f l ow  t o  samp le .

Gene ra l l y ,  sou rces  t ha t  had  a  f l ow  o f  app rox ima te l y  5
ga l l ons  pe r  m inu te  o r  l ess  i n  June  we re  d r y  o r  ex i s t ed  as  seeps
in  Oc tobe r .  Sp r i ngs  w i t h  h i ghe r  f  l ows  i n  June  no rma l l y  h te re
con t i nu ing  t o  f l ow  i n  Oc tobe r .  No tab le  excep t i ons  we re  SP-7 '
SP-8  ,  and  SP-10 .  These  " sp r i ngs "  \ ^ / e re  f  l ow ing  10 ,  20 ,  and  40
ga l l ons  pe r  m inu te ,  r espec t i ve l y ,  i n  June  bu t  we re  d r y  o r  ex i s t ed
on l y  as  a  seep  i n  Oc tobe r .  Da ta  p resen ted  i n  Tab le  7 - I  i nd i ca te
tha t  t hese  sou rces  we re  i s su ing  f  r om sno r r r  pa t ches  i n  June ,
sugges t i ng  t ha t  mos t  ( i f  no t  a l l )  o f  t he  f l ow  s /as  com ing  f r om
snow me l t .

As  no ted  i n  Sec t i on  7 . I . 2 .L t  t he  S ta r  Po in t  Sands tone  wh i ch
d i rec t l y  unde r l i es  t he  H iawa tha  coa l  seam se rves  as  an  agu i f e r .
Th i s  f o rma t i on  i s  r eg iona l l y  ex tens i ve  and  has  been  i den t i f i ed  as
an  aqu i f e r  f r om the  headwa te rs  o f  Hun t i ng ton  Canyon  (20  m i l es
no r th  o f  t he  m ine  )  t h rough  t he  Co t t onwood  C reek  wa te rshed  (  15
m i l es  sou th  o f  t he  m ine ) .  f t  i s  suspec ted  t ha t  t he  S ta r  Po in t
Sands tone  se rves  as  an  aqu i fe r  t h roughou t  t he  Wasa tch  P1a teau .

Du r i ng  t he  pe r i od  o f  Ma rch  and  Ap r i l  L987 ,  a  mon i t o r i ng  we l l
(MW- l )  was  i ns ta l l ed  a t  t he  C randa l l  Canyon  M ine  i n  t he  l oca t i on
ind i ca ted  i n  F i gu re  7 -4 .  Th i s  we l l  (wh i ch  may  a l so  se rve  as  a
wa te r - supp l y  we l l  f o r  t he  m ine  )  was  d r i l l ed  us i ng  a i r - r o ta r y
methods  to  a  to ta l  dep th  o f  375  fee t  and  encoun te red  S ta r  Po in t
Sands tone  t h rough  i t s  en t i r e  dep th .  The  l i t ho logy  encoun te red
du r i ng  d r i l l i ng  and  t he  comp le t i on  o f  t he  we l l  i s  i nd i ca ted  i n
F igu re  7 -5 .

The  d r i l l e r  i nd i ca ted  t ha t  t he  f o rma t i on  was  re l a t i ve l y
homogenous  excep t  i n  t he  zone  f r om 290  t o  335  f ee t ,  whe re  t he
sands tone  became coa rse r .  I t  i s  f rom th i s  zone  tha t  t he  we l l  i s
p roduc ing  wa te r ,  w i t h  wa te r  f i r s t  be ing  encoun te red  a t  a  dep th  o f
abou t  315  f ee t .  The  s ta t i c  wa te r  l eve l  app rox ima te l y  one  week
a f t e r  comp le t i on  o f  t he  we l l  was  a t  a  dep th  o f  186 .1  f ee t  be low
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LITHOLOGIC LOG

GREY TO TAN SANDY
SILTSTONE WITH
CLAYSTONE LENSES

COMPLETION LOG

ro"  DRTLLHoLE

65 /8 , ,  D IAMETER STEEL CASING
(To loo')

67 '
EAT CEMENT GROUT

loo'

GREY TO TAN SANDSTONE
WITH MINOR CLAYSTONE
LENSES

"oPEN DRTLLHoLE

234'

GREY SANDSTONE WITH
SIGNIFICANT CLAYSTONE
INTERBEDDING.

2go'

WHITE TO GREY SANDSTONE
(WATER BEARING FROM
zgo'-  335'

375. (TOTAL DEPTH)

F igu re  7 -5 .  We l l  comp le t i on  and  l i t ho log i c  1og  f o r  MW- i - -

7  - 26



g round  su r f  ace ,  i . nd i ca t i ng  t he  p resence  o f  a  s i qn i f  i can t  upward
p ressu re  componen t  ( app rox ima te l y  130  f ee t )  w i t h i n  t he  sa tu ra ted
zone .

A f t e r  comp le t i on  o f  t he  we l1 ,  a  s l uq  t es t  was  pe r f o rmed  on
the  we l I  t o  de te rm ine  t he  app rox ima te  hyd rau l i c  cha rac te r i s t i c s
o f  t he  S ta r  Po in t  Sands tone  a t  t he  m ine  s i Le .  Th i s  t es t  was
pe r fo rmed  by  i nse r t i ng  app rox i r na te l y  10  f ee t  o f  d r i l l  s t em be low
the  wa te r  su r f ace  and  a l l ow ing  t he  wa te r  l eve l  t o  s t ab i l i ze  ove r
a  pe r i od  o f  3 .75  hou rs .  A l t hough  wa te r  l eve l  r ecove ry  was
measu red  du r i ng  t h i s  pe r i od ,  t he  da ta  a re  no t  adequaLe  f o r  s l ug -
Les t  ana l ys i s  s i nce  t he  d r i l l  s t em was  p resen t  w i t h i n  t he  zone  o f
i n f l uence  o f  t he  i n j ec t i on  t es t ,  t hus  d i sp lac i ng  add i t i ona l  wa te r
du r i ng  Lhe  recove ry  pe r i od .

FoJ  l ow ing  s tab i l i za t i on  o f  t he  wa t -e r  l eve l  ,  t he  d r i l  l .  s t em
was  rap i c i l y  r emoved  f r om be low  the  wa te r  l eve l  and  t he  resu l t i ng
recove ry  t o  s ta t i c  cond i t i ons  was  measu red  f o r  a  pe r i od  o f  mo re
than  2  hou rs .  Da ta  co l l ec ted  f r om th i s  t es t  have  been  p rov ided
to  t he  D i v i s i on  i n  a  I e t t e r  add ressed  t o  Mr .  Dave  C l i ne  f r om
R icha rd  B .  V lh i t e  o f  Ea r thFax  Eng inee r i ng ,  I nc .  and  da ted  Ap r i l
30 ,  1987 .  Da ta  co l l ec ted  f o r  t he  f i r s t  700  seconds  o f  t he  t es t
a re  p rov ided  i n  F i gu re  7 -6 .

The  sJug  t es t  da ta  we re  ana l yzed  us ing  a  me thod  deve loped  by
Bouwer  and  R i ce  (1976 ) .  Acco rd inq  t o  t h i s  me thod ,

K  =  r "2  tn  (R  e /Jw)  t
2L t ln L-o

y r
(  7 -1  )

where K
rc
rI^t

L
t

Yo

Yt=

1n  (Re , / rw  )  =

whe re

hyd rau l i c  conduc t i v i t y  ( f ee t  pe r  day )
rad ius  o f  t he  cas ing  ( f ee t )
r ad ius  o f  t he  we l  I
l eng th  o f  t he  sc reened  sec t i on  ( f ee t )
t ime  s i nce  t es t  beqan  ( seconds )
max imum d rawdown  du r i ng  t es t  o r  d rawdown
immed ia te l y  f o l l ow ing  s l ug  i n j ec t i on  o r  w i t hd rawa l
( f ee t )
d rawdown  a t  t ime  t  ( f ee t )

f - - l l

|  1 . 1  C  l - r

LIn(trZrwI 
-r 

V'- )
H  =  d e p t h  f  r o m  s t a t i c  w a t e r  l e v e l  t o  t - h e  b a s e  o f

t h e  p r o d u c i n g  z o n e
C  =  a  d i m e n s i o n l e s s  c o e f f i c i e n t  a s  a  f u n c t i o n  o f

L / r w  o b t a i n e d  f r o m  F i g u r e  3  o f  B o w e r  a n d  R i c e
( I 9 7 6 ,  p . 4 2 6 )

For  t he  s l ug  t es t  conduc ted  a t  l {w - I ,

r c  =  rw  =  0 .25  f t  ( ho le  r ad ius  o f  3  i nches )
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T _

H =

Y o =
y t =

335 -290  =  45  f t  ( l enq th  o f  t he  p roduc ing  zone
acco rd ing  t o  t he  d r i l l e r ' s  r eco rds )
335 -187  =  148  f t  ( d i s t ance  be tween  t he  s ta t i c  wa te r
l eve l  and  t he  base  o f  t he  p roduc ing  zone
2 .50  f t  ( see  F igu re  7 -6 ' )
2 .10  f t  a t  |  =  400  s  ( see  F igu re  7 -6 )

=  4 .8

By  means  o f  eeud t i on  (7 -L )  and  t hese  da ta ,  a  hyd rau l i c
conduc t i v i t y  o f  0 .1  f oo t  pe r  day  was  ca l cu la ted .  Assum ing  t ha t
t he  45 - f oo t  p roduc ing  zone  accoun ts  f o r  t he  en t i r e  t h i ckness  o f
t he  aqu i  f  e r  a t  t he  l oca t i on  o f  M I I J -1 ,  t h i s  va l  ue  conv  e r t s  t o  a
t r ansm iss i v i t " y  o f  4 .5  sgua re  f ee t  pe r  day .  Th i s  t r ansm iss i v i t y
i s  s im i l a r  t o  t hose  measu red  by  L i nes  ( f 985 )  f r om pump ing  t es t s
pe r fo rmed  i n  t he  S ta r  Po in t  Sands tone  nea r  T ra i l -  Moun ta in
app rox ima te l y  10  m i l es  sou thwes t  o f  C randa l l  Canyon .

Spec i f i c  i n f o rma t i on  conce rn ing  t he  p i ezome t r i c  su r f ace  i n
the  S ta r  Po in t  Sands tone  i n  t he  m ine  v i c i n i t y  i s  no t  ava i l ab le
due  t o  t he  gene ra l  l ack  o f  we l l s  i n  t he  a rea  and  t he  cu r ren t
p resence  o f  on l y  one  mon i t o r i ng  we l l  a t  t he  m ine  s i t e .  Howeve r '
gua l i t a t i ve  conc lus i ons  rega rd ing  f l ow  cond i t i ons  i n  t he  S ta r
Po in t  Sands tone  i n  t he  m ine  a rea  can  be  reached  f r om the
ava i l ab le  da ta .  A  p l an  t o  co l l ec t  s i t e - spec i f i c  da ta  f r om the
S ta r  Po in t  Sands tone  i s  ou t l i ned  i n  Sec t i on  7 .L .6 .

Acco rd  i  ng  t o  Dan  i e l  son  e t  a l  . ( 1981 ) '  t he  f l ow  o f
g roundwa te r  i n  t he  reg ion  i s  gene ra l l y  f r om h igh -e leva t i on
recha rge  a reas  t owa rd  ma jo r  canyons .  I f  g roundwa te r  i n  t he  S ta r
Po in t  Sands tone  we re  f l ow ing  sou th  t owa rd  C randa l l  Canyon '  t he
wa te r  t ab le  e l eva t i on  wou l -d  be  h i ghe r  t han  t he  f l oo r  o f  t he  m ine
in  a reas  whe re  t he  m ine  f l oo r  i s  a t  a  l owe r  e l eva t i on  t han  t he
canyon  bo t t om ( s i nce  t he  f l oo r  o f  t he  m ine  res t s  on  t op  o f  t he
S ta r  Po in t  Sands tone  )  .  Howeve r  ,  i n f  l ow  t o  t he  ex  i  s t  i ng  m  i ne
work i ngs  has  been  f r om the  roo f  on l y '  even  t hough  t he  f l oo r  o f
t he  m ine  w i t h i n  t he  wes te rn  t h i r d  o f  t he  m ine  a rea  i s  be low  the
e leva t i on  o f  C randa l l -  C reek .  I n  add i t i on r  ds  no ted  above ,  t he
dep th  t o  g roundwa te r  a t  t he  mou th  o f  t he  m ine  (a t  MW- l )  i s
app rox  ima te  I  y  186  f ee t  be low  g round  su r f ace .  Thus  ,  i  t  i s
reasonab le  t o  assume  tha t  g roundwa te r  w i t h i n  t he  Sba r  Po in t
Sands tone  benea th  t he  m ine  does  no t  d i scha rge  i n to  C randa l l
C reek .

A l t hough  t he  reg iona l  s t r a t i q raph i c  d i p  i s  t o  t he  wes t  ( see
Sec t i on  6 .4 .2 ) ,  g roundwa te r  i n  t he  S ta rpo in t  Sands tone  benea th
the  m ine  i s  assumed  to  f l ow  eas twa rd  f r om Eas t  Moun ta in  t o
Hun t i ng ton  Canyon  ra the r  t han  wes twa rd  t o  Uppe r  Joes  Va l l ey .
Th i s  conc lus i on  i - s  r eached  based  on  t he  f o l l ow ing  f ac to r s :

f  r . lln(R",/rw) = lmnffiu3; +
L

6.6 I  -1
ryffi)
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The  S ta rpo in t  Sands tone  ou t c rops  i n  Hun t i ng ton  Canyon
and  no t  i n  Uppe r  Joes  Va11ey .  Thus ,  a  na tu ra l .
d i scha rqe  po in t  i s  c rea ted  i n  Hun t i ng ton  Canyon .

o  Hun t i ng ton  Canyon  i s  app rox ima te l y  800  f ee t  l owe r  i n
e leva t j on  t han  L i t t l e  Joes  Va l l ey ,  f u r t he r  enhanc ing
g roundwa te r  d ra i nage  t o  t he  canyon .

o  The  s t r a t i g raph i c  d i p  o f  t he  S ta rpo in t  Sands tone  i s  l ow
(  f  - 3  deg rees  )  .  Thus  ,  t he  i n f t  uence  o f  t he  d  i p  on
g roundwa te r  f l ow  can  be  expec ted  t o  be  m in ima l .

Hence r  t he  d i r ec t i on  o f  g roundwa te r  f l ow  w i t h i n  t he
S ta rpo in t  Sands tone  benea th  t he  m ine  i s  cons ide red  t o  be
p redom inan t l y  eas twa rd ,

I n  t he  a rea  o f  T ra i l  Moun ta in  ( l oca ted  app rox ima te l y  10
m i l es  sou thwes t  o f  C randa l l  Canyon )  t he  hyd rau l i c  g rad ien t  o f
g roundwa te r  i n  t he  S ta r  Po in t  Sands tone  va r i es  f r om abou t  0 .  L l
f oo t  pe r  f oo t  i n  t he  recha rge  a rea  nea r  t he  r i dge  l i ne  t o  abou t
0 .03  f oo t -  pe r  f oo t  i n  t he  d i scha rge  a rea  i n  S t ra i qh t  Canyon
(L ines ,  1985 ) .  Due  t o  t he  s im i l a r i t y  o f  t he  geo log i c  cond i t i ons
in  t he  two  a reas  (Wadde l t  e t  a I . ,  198 l  ) ,  s im i l a r  hyd rau l i c
q rad ien t s  a re  expec ted  i n  t he  Eas t  l t , l oun t -a  i n  r echa rge  a rea  and
Hun t i ng ton  Canyon  d i scha rge  a rea ,  r espec t i ve l y .

Usage  o f  seeps  and  sp r i ngs  w i t h i n  Lhe  su rvey  a rea  i s
con f i ned  en t i r e l y  t o  dee r ,  e l k ,  and  o the r  w i l d l i f e .  No  s i gns  o f
use  f o r  s t ock  wa te r i ng  o r  human  consump t i on  we re  no ted  i n  e i t he r
t he  June  o r  Oc tobe r  i nven to r y .  As  wou ld  be  expec ted ,  w i l d l i f e
usage  o f  t he  sp r i ngs  i s  mos t  abundan t  whe re  f l ows  a re  g rea tes t
and  t he  sou rce  i s  mos t  access ib l e .

Da ta  con ta  i ned  i n  Tab le  7 - I  i nd  i ca t -e  t ha t  t he  spec  i f  i c
conduc tance  o f  wa te r  i s su ing  f r om sp r i ngs  i n  June  gene ra l l y
i nc  r eased  w i t h  i nc reas ing  s t - r a t i q raph i c  dep th .  Th  j  s  i s  i n
ag reemen t  w i t h  t he  f i nd ings  o f  Dan ie l son  e t  a l .  ( 1981 ) .  Sp r i nqs
i ssu inq  f r om the  P r i ce  R i ve r  Fo rma t i on  t yp i ca l l y  had  a  spec i f i c
conduc tance  du r i nq  t he  June  su rvey  t ha t  va r i ed  f r om 150  t o  450
umhos /cm a t  25  oC  wh i l - e  t hose  i s su inq  f r om the  B lackhawk  Fo rma-
t i on  and  S ta r  Po in t  Sands tone  had  a  spec i f i c  conduc tance  va ry i ng
f rom 500  t o  1000  umhos /cm a t  25  oC .  Th i s  i nc rease  i n  spec i f i c
conduc tance  i s  i nd i ca t i ve  o f  l each ing  o f  m ine ra l s  by  t he  g round -
wa te r  as  i t  f l ows  t h rough  i nc reas ing  d i s t ances  o f  bed rock  t o  t he
Iower  s t r a t i g raph i c  pos i t i ons .

The  pH  o f  wa te r  i s su ing  f r om sp r i ngs  i n  t he  su rvey  a rea
showed  no  t r ends  w i t h i n  o r  be tween  f o rma t i ons .  Va lues  va r i ed
f rom 6 .80  t o  8 .57 ,  ave rag ing  7 .74 .  Hence ,  sp r i ng  wa te r  i n  t he
s tudy  a rea  i s  s l i gh t l y  a l ka l i ne .
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f n  t hose  sp r i ngs  w i t
gene ra l l y  i nc reased  s l i gh t l y
no rma l l y  amoun ted  t o  0 .1  t o
showed  no  cons i s ten t  pa t t e rn
w i t h  app rox ima te l y  as  many
and  Oc tobe r .

h  s u f  f  i c i e n t ,  w a l e r  t o  s a r n P l e ,  P H
b e t w e e n  J u n e  a n d  O c t o b e r .  I n c r e a s e s

0 . 5  p H  u n i t .  S p e c i f i c  c o n d u c t a n c e
b e t w e e n  t h e  J u n e  a n d  O c t o b e r  d a t a  '

i n c r e a s e s  a s  d e c r e a s e s  b e t w e e n  J u n e

Wate r  t empe ra tu res  va ry  w ide l y  a t  t he  s i t e .  I n  gene ra l ,
t empe ra tu res  a re  l owes t  i n  sp r i ngs  i s su ing  f r om f r ac tu res  and
h ighes t  i n  sp r i ngs  i s su ing  f r om sha l l ow  co l l uv i um ove r  bed rock .
Low  tempera tu res  gene ra l l y  occu r red  i n  sp r i ngs  w i t h  r e l a t i ve l y
l ow  spec i f i c  conduc tances .

7 . } .3  GROUNDWATER DEVELOPMENT AND MINE DEWATERING

7 . 1 . 3 .  1  l r l a t e r  S u p p t y

A s  n o t e d  p r e v i o u s l y ,  n o n e  o f  t h e  s e e p s  o r  s p r i n q s  i n v e n t o -
r i e d  d u r i n g  t h e  J u n e  a n d  O c t o b e r  t 9 B 5  s u r v e y s  a p p e a r e d  t o  h a v e
been  deve loped  f o r  bene f i c i a l  use . Th i s  I ack  o f  deve loPmen t
i nc l udes  sp r i ngs  i s su ing  f r om the  S ta r  Po in t  Sands tone .  I n
add i t i on r  ho  wa te r  we l l s  o the r  t han  MV i -1  a re  known  to  ex i s t
w i t h i n  t he  s tudy  a rea  o f  t he  sp r i ng  i nven to r y .  Hence ,
g roundwa te r  deve lopmen t  has  no t  occu r red  i n  t he  pas t  w i t h i n  t he
m ine  p l an  o r  ad jacen t  a reas  o the r  t han  t he  d r i t l i ng  o f  MW- l .

Tab le  7 -3  p resen t s  a  l i s t i ng  o f  q roundwa te r  r i qh t s  w i t h i n
the  pe rm i t  and  ad jacen t  a reas  as  ob ta i ned  f r om the  f i l e s  o f  t he
U tah  D i v i s i on  o f  Wa te r  R igh t s  i n  Sep tember  7987 .  Mo re  i ndep th
i n fo rma t i on  conce rn ing  t hese  r i gh t s  i s  con ta i ned  i n  Append i x  7 -1 .
Loca t i ons  o f  t hese  r i gh t s  a re  no ted  on  F igu re  7 -7 .

A l t hough  t he  U .S .  Fo res t  Se rv i ce  has  ob ta i ned  r i gh t s  t o
ce r t a i n  sp r i ngs  i n  t he  a rea  f o r  s t ock  wa te r i ng  ( see  Tab le  7 -3  and
F igu re  7 -7 ) ,  t hese  sp r i ngs  d i d  no t  show  s i gns  o f  cu r ren t  usage
fo r  s t ock  wa te r i ng  du r i ng  t he  i nven to r y .  Add i t i ona l l y ,  a l t hough
the  S ta r  Po in t  Sands tone  se rves  as  an  agu i f e r  i n  t he  reg ion ,
g roundwa te r  i s  no t  ob ta i ned  t he re f rom w i t h i n  t he  m ine  p l an  o r
ad jacen t  a reas .

The  sp r i ng  assoc  i a t - ed  w i t h  wa te r  r i gh t  93 -1407  v /as  no t
d i scove red  du r i ng  t he  seep  and  sp r i ng  i nven to r y .  A l t hough  i t  i s
poss ib l e  t ha t  some  seeps  we re  m issed  du r i ng  t he  i nven to r y  ( due  t o
heavy  unde rg row th  and /o r  i naccess ib i l i t y ) ,  t he  po ten t i a l  f o r
m iss i ng  a  ma jo r  sp r i ng  i s  r emo te .  Hence ,  t h i s  sou rce  i s  l i ke l y
s im i l a r  t o  93 -1408  (SP-47 ) ,  wh i ch  ex i s t ed  on l y  as  a  seep .
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Tab le  7 -3 .  G roundwa te r  r i gh t s  i n  t he  m ine  p l an  and  ad jacen t  a reas .

w. u.
^ ] ^ ; *
\ -  l -  d,  r  l r l

No. Owner
F  l ow
(c f s ) u b e Per i od  o f  Use Source

93-L407

93 -1408

93 -L409

U.S .  Fo res t

U .  S .  Fo res t

U .S .  Fo res t

Serv i ce

Serv i ce

Serv i ce

.  011

.01_ l -

n 1 1

June 6

June 6

June 6

Aug  25

Aug  25

Aug  25

Q n r  i  n au t / r  r r r Y

Spr ing

Q n r  i  n nv I / !  r r r Y

Stockwater

Stockwater

Stockwater

l - ^

to

to

!
I

UJ
t\J
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7 .  1 .3 .  2  M ine  Dewa te r i ng

f  n f  l - ow  t o  t he  ex  i s t  i nq  unde rq round  wo rk i ngs  amoun ts  t o
app rox ima te l y  100  ga l l ons  pe r  m inu te .  These  i n f l ows  o r i g i na te
p r ima r i l y  i n  gob  sec t i ons  nea r  t he  wo rk i ng  f ace  o f  t he  m ine .
Cu r ren t l y ,  wa te r  encoun te red  i n  t he  m ine  i s  used  unde rg round  i n
the  m in ing  p rocess .  A  mod i f i ca t i on  o f  t he  NPDES pe rm i t  f o r  t he
sed imen ta t i on  pond  has  been  ob ta i ned  t o  cove r  d i scha rges  f r om the
m ine  i f  amoun ts  encoun te red  t he re in  exceed  t he  requ i remen ts  f o r
unde r  g round  use .  A l t hough  t h i s  po ten t i a l  d i scha rge  w i l l  be
cove red  by  t he  same  pe rm i t ,  t he  unde rg round  wa te r  w i l l  no t  be
d i scha rged  t h rough  Lhe  pond ,  bu t  w i l l  be  d i scha rged  a t  t he  same
ou t  f a1  1  .

7 . I . 4  EFFECTS OF MIN ING OPERATION ON GROUNDWATER

The  p r ima ry  po ten t i a l  f o r  impac t s  t o  t he  g roundwa te r  sys tem
w i t l  occu r  as  a  r esu l t  o f  subs idence .  To  es t ima te  t he  e f f ec t s  o f
subs idence  on  t he  seeps  and  sp r i ngs  f ound  du r i ng  t he  f i e l d
i nven to r y ,  a  pos i t i ve  l im i t  ang le  o f  60o  f r om ho r i zon ta l  was
assumed .  Th i s  l im i t  ang le  i s  cons ide red  conse rva t i ve  f o r
es t ima t i nq  po ten t i a l  subs idence  impac t s  s i nce  Dun rud  ( f 976 )  f ound
pos i t i ve  l im i t  ang les  t ha t  va r i ed  f r om 690  i n  weak  ove rbu rden  t o
750  o r  mo re  i n  mode ra te l y  s t r ong  ove rbu rden  i n  geo log i ca l l y
s im i l a r  a reas  i n  t he  Book 'C l i f f s  m in i ng  d i s t r i c t ,  U tah  and  t he
Sommerse t  m in i ng  d i s t r i c t ,  Co Io rado .

M ine  p l ans  f o r  - l ease  a rea  SL  062648  i nd i ca te  t ha t  50  pe rcen t
ex t rac t i on  w i l l  occu r  t h roughou t  t he  m ine ,  w i t h  t he  excep t i on  o f
ba r r i e r  p i l l a r s  a t  t he  - l ease  bounda r i es .  The  ba r r i e r  p i l 1a r  a t
t he  sou th  l ease  bounda ry  has  been  des igned  t o  be  su f f i c i en t l y
w ide  t o  r educe  t he  chance  o f  subs idence  a l ong  C randa l l  C reek ,
t hus  l im i t i ng  subs idence  i n  a reas  no r t h  o f  t he  c reek  ( see  Chap te r
12 )  .

M ine  p l ans  f o r  l ease  t r ac t  U  054762  i nd i ca te  t ha t  60  pe rcen t
ex t rac t i on  w i l l  occu r  t h roughou t  t he  m ine ,  w i t h  t he  excep t i on  o f
ba r r i e r  p i l l a r s  a t  t he  l ease  bounda r i es  and  coa l  ou t c rop  ba r r i e r s
nea r  t he  no r t heas t  and  sou theas t  co rne rs  o f  t he  l ease  a rea  (  see
F igu re  7 -B  ) .  The  ba r r i e r  p i l l a r s  a t  t he  eas t  and  sou th  l ease
bounda r i es  have  been  des igned  t o  be  su f f i c i en t l y  w ide  t o  r educe
the  chance  o f  subs idence  a l ong  Hun t i nq ton  and  C randa l l  C reeks -
Coa l  ou t c rop  p ro tec t i on  ba r r i e r s  a t  t he  no r t heas t  and  sou theas t
co rne rs  o f  l ease  a rea  U  054762  a re  des igned  t o  p ro tec t
esca rpmen ts  i n  Hun t i ng ton  and  C randa l l  Canyons ,  r espec t i ve l y ,
a l t hough  m ino r  amoun ts  o f  subs idence  may  occu r  ( see  Chap te r  l 2 l .

us i nq  a  pos i t i ve  l im i t  ang le  o f  600 ,  t he  max imum a rea  o f
po ten t i a l  subs idence  was  de te rm ined  as  shown  i n  F igu re  7 -8 .  As
no ted  by  t h i s  f i gu re  ,  19  seeps  and  sp r i ngs  h re re  f ound  du r i ng  t he
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f r om the  B lackhawk  Fo rma t i on .  The  two  excep t i ons  i s sue  as  seeps
f rom bedd inq  p l anes  i n  t he  Cas t l ega te  Sands tone .

By  t he  t ime  o f  t he  Oc tobe r  su rvey ,  on l y  two  sp r i ngs  (SP-30
and  SP-36 )  we re  f ound  w i t h i n  t he  a rea  o f  po ten t i a l  subs idence .
A I I  o the r  seeps  and  sp r i ngs  d i scove red  du r i ng  t he  June  i nven to r y
i n  t he  a rea  o f  po ten t i a l  subs idence  we re  d r y  du r i ng  t he  Oc tobe r
su rvey  due  t o  na tu ra l  seasona l  va r i a t i ons  i n  f l ow .

The  max imum f l ow  encoun te red  du r i ng  t he  June  su rvey  w i t h i n
the  a rea  o f  po ten t i a l  subs idence  was  one  ga l l on  pe r  m inu te  a t
SP-30  and  two  ga l l ons  pe r  m inu te  a t  SP-36 .  F l ow  a t  SP-30  occu rs
as  d i f f use  seepage  above  t he  m ine  po r t a l s  and  i s  co l l ec ted  i n  a
p ipe  and  rou ted  a round  t he  po r t a l s  t o  p reven t  p rob lems  a t  t he
po r ta l  f  ace .  The re  $ /e re  no  s i qns  o f  usage  o f  t h i s  sp r i . ng  du r i ng
the  June  i nven to r y .  F l ow  a t  SP-36  i s sues  f o rm  a  sands tone -sha Ie
con tac t  w i t h i n  t he  B lackhawk  Fo rma t i on  and  showed  ev idence  o f  use
by  e l k  and  dee r .

Based  on  t h i s  i n f o rma t i on ,  subs idence  f r om m in inq  i n  bo th
l ease  a reas  w i l I  have  m in imaJ .  impac t s  on  wa te r  supp l  i es  f  r om
seeps  and  sp r i ngs  i n  t he  v i c i n i t y  o f  t he  m ine .

I n f l ows  t o  t he  m ine  a re  i nsu f f i c i en t  t o  r egu i re  dewa te r i ng
(  see  Sec t i on  7  . I . 3 . 2 ) .  Hence ,  impac t s  due  t o  dewa te r i ng  a re
nonex i s ten t .

D e e r  a n d  e l k  t r a c k s  a n d
o f  S P - 3 8  a n d  S P - 4 2 .  O t h e r
o f  u s a g e  w e r e  s e e n  d u r i n g
p o t e n t i a l  s u b s i d e n c e .

The  wa te r  supp l y  f o r  use  i n
Cranda l l  C reek .  Hence ,  o the r  t han
w i t h i n  t he  m ine r  Do  g roundwa te r
domes t i " c  o r  i ndus t r i a l  pu rposes .

7 .1 .5  M IT IGAT ION AND CONTROL PLANS

c l r o p p i n q s  w e r e  n o t e d  i n  t h e  v i c  i n i t y
t h a n  t h e s e  t w o  s e e p s  r  r r o  o t h e r  s i g n s

t h e  J u n e  s u r v e y  w i t h i n  t h e  a r e a  o f

t he  m ine  i s  ob ta i ned  f r om
the  g roundwa te r  encoun te red

i s  u t i l i zed  a t  t he  m ine  f o r

Based  on  t he  i n  f o rma t  i  on  p resen ted  i n  Sec t i on  7  .  I .  4  '
subs idence  f r om m in ing  i n  t he  Genwa l  l ease  a rea  w i l l  have  m in ima l
impac t s  on  g roundwa te r  r esou rces  i n  t he  v i c i n i t y  o f  t he  m ine .
F Iow  ra tes  measu red  du r i ng  t he  June  i nven to r y  w i t h i n  t he  a rea  o f
po ten t i a l  subs idence  we re  m in  ima l  ,  even  t hough  t he  f i e l d
i nves t i ga t i on  was  conduc ted  sho r t l y  a f t e r  t he  snow-me l t  pe r i od .
P r i o r  t o  t he  Oc tobe r  su rvey ,  a l l  bu t  two  sou rces  had  d r i ed  uP .
A l t hough  i t  i s  d i f f i cu l t  t o  de te rm ine  l ong - te rm  usage  o f  t he
sp r i ngs  i n  t he  a rea  f r om one  seep  and  sp r i ng  i nven to r y ,  t hese
wa te r  sou rces  a re  o f  c r i t i ca l  va l ue  t o  l oca l  w i l d l i f e .  Howeve r
the  l ow  f l ow  ra tes  encoun t -e red  a t  t he  sp r i ngs  w i t h i n  t he  a rea  o f
po ten t i a l  subs idence  sugges t s  t ha t  t hese  sp r i ngs  p roduce  a  m ino r
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quan t i t y  o f  waLe r  t o  t he
e f f o r t s  i nd i ca te  t ha t  t he
m i t i ga t i on  p l an  spec  i f i c
consu l t a t i on  w i t h  DOGM.

loca l  w i l d l i f e .  I f  f  u t u re  mon i t o r i ng
m ine  i s  impac t i ng  l oca l  sP r i ngs ,  a
to  t he  impac t  w i l l  be  deve loPed  i n

As  no ted  i n  Sec t i on  ' 1  . I . 3 ,  i nsu f f i c i en t  i n f l ows  a re  encoun -
te red  i n  t he  ex i s t i ng  unde rg round  wo rk i ngs  t o  r egu i re  m ine
dewa te r i ng .  I f  amoun ts  r egu i r i ng  d i scha rge  a re  encoun te red  i n
the  f u tu re ,  a  spec i f i c  p l an  w i l l  be  deve loped  i n  consu l t a t i on
w i t h  DOGI I  t o  m i t i qa te  t he  impac t s  o f  dewa te r i ng  on  t he  g round -
wa te r  sys tem.

Shou ld  i t  be  necessa ry  t o  deve lop  a l t e rna t i ve  wa te r  supp l i es
due  Lo  unexpec ted  con tam ina t i on ,  d im inu t i on ;  o r  i n t e r rup t i on  o f
s i gn i f i can t  l oca l  sp r i ngs  as  a  d i r ec t  r esu l t  o f  m in i nq
ac t i v i t i e s ,  t - he  app l i can t  w i l l  con tac t  t he  D i v i s i on  o f  w i l d l i f e
Resou rces  and  deve lop  p l ans  t o  i ns ta l l  a  guzzLe r  on  a  case -
spec i f i c  bas i s .  Genwa l  owns  sha res  i n  t he  Hun t i ng ton -C leve land
I r r i ga t i on  Company ,  t ha t  can  be  t r ans fe red  i f  r equ i red  t o  mee t
t he  demands  o f  an  a l t e rna te  wa te r  supp l y .

7 .T .6  GROUNDWATER MONITORING PLAN

As  no ted  i n  Sec  t i on  7  . 1  .  4  ,  on l y  f  ou r  sp r i ngs  l t e re  f ound
du r i ng  t he  June  1985  seep  and  sp r i ng  su rvey  w i t h i n  t he  a rea  o f
po ten t i a l  subs idence  v r i t h  a  f l ow  ra tes  o f  one  t o  two  ga l l ons  pe r
m inu te  (SP- l 6 ,  SP-17 ,  SP-30 ,  SP-36 ) .  By  t he  t ime  o f  t he  Oc tobe r
su rvey ,  a l l  seeps  and  sp r i ngs  w i t h  t he  a rea  o f  po ten t i a l
subs idence  excep t  SP-30  and  SP-36  had  d r i ed  up  ( compare  F igu res
7 -2 ,  7 -3 ,  and  7 -B ) .  SP-30  occu rs  as  d i f f use  seepage  f r om the
B lackhawk  Fo rma t i on  above  t he  m ine  po r t a l s  and  i s  co l l ec ted  i n  a
p ipe  t o  avo id  p rob lems  a t  t he  po r t a l  f ace .  F Iow  a t  SP-36  i s sues
f rom a  sands tone -sha le  con tac t  w i t h i n  t - he  B lackhawk  Fo rma t i on  and
showed  ev idence  o f  use  by  e1k  and  dee r .  A l l  ma jo r  sp r i ngs  ( f l ows
o f  a t  l eas t  f i ve  ga l l ons  pe r  m inu te )  f ound  du r i ng  t he  June  1985
su rvey  we re  l oca ted  ou t s i de  o f  t he  a rea  o f  po ten t i a l  subs idence .

Groundwa te r  mon i . t o r i ng  f  o r  t he  C randa l l  Canyon  M  i ne  a rea
w i l l  i n c l ude  co l l ec t i on  o f  wa te r  qua l i t y  and  quan t i t y  da ta  f r om
s i x  sp r i ngs  as  we l l  as  po in t s  o f  s i gn i f i can t  i n f l ow  t o  t he  unde r -
g round  wo rk i ngs .  Loca t i on  o f  t he  sp r i ngs  t o  be  i nc l uded  i n  t he
g roundwa te r  mon i t o r i ng  p rog ram a re  shown  on  F igu re  7 -2 .

SP-30  and  SP-36  w i l l  be  mon  i t , o red  t o  de te rm ine  po ten t i a l
impac t s  i n  t he  immed ia te  v i c i n i t y  o f  t he  m ine .  SP-30  was  chosen
because  i t  i s  Lhe  on l y  sp r i ng  w i t h i n  t he  a rea  o f  po ten t i a l
subs idence  w i t h i n  l ease  a rea  SL  062648  t ha t  had  a  f l ow  ra te  o f  a t
l eas t  one  ga l1on  pe r  m inu te  du r i ng  t he  June  1985  i nvenLo ry .
SP-36  was  chosen  because  i t  i s sues  w i t h i n  t he  a rea  o f  po ten t i a l
subs idence  w i t h i n  l ease  a rea  U  054762  and  because  i t  had  a  f l ow
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r a t e  d u r i n g  t h e  J u n e  l 9 B 5  i n v e n t o r y  t h a t  w a s  o f  s u f f i c i e n t
m a g n i t u d e  ( t w o  g a l l o n s  p e r  m i n u t e )  t o  s u g g e s t  s o m e  p e r m a n e n c e .

SP-58  w i l l  be  mon i t o red
in  g roundwa te r  i s su ing  f r om
tha t  w i l l  no t  be  a f f ec ted  by
these  changes  w i l l  be  use fu l -
and  SP-36 .

a s  a n  i n d i c a t o r  o f  l o n g - t e r m  c h a n g e s
t h e  B l a c k h a w k  F o r m a t i o n  i n  a n  a r e a
m i n i n g  o p e r a t i o n s .  T h e  m a g n i t u d e  o f

w h e n  i n t e r p r e t i n g  c h a n g e s  a t  S P - 3 0

SP-47  w i l l  be  mon i t o red  s i nce  a  wa te r  r i qh t  has  been  f i l ed
on  t h i s  sp r i ng  by  t he  U .S .  Fo res t  Se rv i ce  ( see  Sec t i on  7 .1 .3 .1 ) .
Sp r i ngs  SP- l 9  and  SP-22  w i l l  be  mon i t o red  as  i nd i ca t i ons  o f  t he
wa te r  supp l y  i n  t he  uppe r  r eaches  o f  B l i nd  Canyon .

Fou r  samp les  w i l l  be  co l l ec ted  f r om each  o f  t he  mon i t o red
sp r i ngs  annua l l y .  W i t h  t he  excep t i on  o f  SP-30 ,  each  sp r i ng  w i l l
be  mon i t o red  a t  mon th l y  i nc remen ts  du r i ng  t he  access ib l e  po r t i on
o f  t he  yea r  ( gene ra l l y  June  t h rough  Sep tember ) .  These  samp les
w i l l  be  co l l ec ted  as  c l ose  as  poss ib l e  t o  t he  po in t  o f  i s suance
o f  t he  sp r i ngs .  Samp les  w i l l  be  ana l yzed  acco rd ing  t o  t he  l i s t
o f  pa rame te rs  i n  Tab le  7 -4 .  Eve ry  f i f t h  yea r  (  1990  '  1995 ,
e t c . ) r samp les  co l l ec ted  du r i ng  t he  l ow- f l ow  pe r i od  o f  t he  yea r
( t he  f i na l  samp le  o f  t he  yea r )  w i l l  be  ana l yzed  acco rd ing  t o  t he
I i s t  o f  pa rame te rs  con ta i ned  i n  Tab le  7 -5  (as  reques ted  i n
gu ide l i nes  f r om DOGI I ) .

S ince  SP-30  i s  co l l ec ted  i n  a  p i pe  t o  bypass  t he  po r t a l
a rea ,  i t s  d i scha rge  po in t  i s  access ib l e  yea r - round .  Hence '  t h i s
sp r i ng  w i l l  be  mon i t o red  a t  t he  po in t  o f  p i pe  d i scha rge  qua r te r l y
(no rma l l y  i n  Janua ry ,  Ap r i l ,  Ju l y r  and  Oc tobe r )  and  ana l yzed
acco rd ing  t o  Tab le  7 -4 .  Eve ry  f i f t h  yea r  t he rea f t e r ,  t - he  samp le
co l l ec ted  du r i ng  t he  l ow- f l ow  pe r i od  (no rma l l y  Oc tobe r )  w i l l  be
ana l yzed  acco rd ing  t o  Tab Ie  7 -5 .

A l l  samp les  w i t l  be  p rese rved  as  soon  as  p rac t i cab le  a f t e r
co l l ec t i on ,  P rese rva t i ves  t o  be  used  w i t l  be  i n  acc rodance  w i t h
the  mos t  r ecen t  U .S .  Env i r onmen ta l  P ro tec t i on  Agency  gu ide l i nes .
Samp les  no t  p rese rved  w i t h  a  chem ica l  f i xa t i ve  w i l l  be  p l aced  on
i ce  i n  an  i ce  ches t  as  soon  as  poss ib l e  a f t e r  co l l ec t i on .

On  a  qua r te r l y  bas i s  ( no rma l l y  i n  Janua ry ,  Ap r i l ,  Ju I y ,  and
Oc tobe r ) ,  an  i nven lo r y  w i l l  be  conduc ted  o f  t he  ac t i ve  po r t i on  o f
t he  m ine  t o  i den t i f y  t he  l oca t i on  and  geo log i c  occu r rence  o f  m ine
in f l ows  t ha t  exceed  t h ree  ga l l ons  pe r  m inu te .  I n  consu l t a t i on
w i t h  DOGDIT  c€ r t a i n  o f  t hese  i n f l ows  ( i f  t hey  occu r )  w i l l  be
se lec ted  f o r  con t i nued  mon i t o r i ng .  Cu r ren t l y r  on l y  one  such
in f l ow  ex i s t s ,  f l ow ing  f r om the  roo f  o f  t he  m  i ne  f  r om an
exp lo ra to r y  ho le  (DH-2 )  t ha t  was  ve r t i ca l l y  d r i l l ed  f r om w i t h i n
the  pe rm i t  a rea  a t  t he  l oca t i on  shown  on  P la te  6 - I .  Th i s  ho le  i s
capped  and  i s  a l l owed  t o  f l ow  on l y  when  needed  t o  co l l ec t  wa te r -
qua l i t y  da ta .
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Tab le  7 -4 . Abb rev ia ted  g roundwa te r  ana l ys i s  l i s t .

F ie Id  l t { easu remen ts :

Wa te r  l eve l  o r  f l ow
pH
Spec i f i c  conduc tance  (umhos / cm)
Tempera tu re  (oC)

Labora to ry  Measuremen ts  :

To ta l  d i sso l ved  so l i ds
To ta l  ha rdness  (  as  CaCO3 )
B i ca rbona te  (as  HCO3)
Carbona te  (  as  CO3 )
Ca l c i um (as  Ca )
Ch lo r i de  (as  C l )

D i sso l ved  i
l " lagnesi  um
Manganese
Po tass  i  um
Sod ium (as
Su l f a te  (  as

ron  (as  Fe )
as l,!g )
as  Mn)
as  K )
Na )

So4  )
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Af te r  se lec t . i on  o f  t l - r e  i n f  t ow  po in t s  Lo  be  mon i t o red ,  da ta
w i l l  be  co l l ec ted  on  a  qua r te r J - y  bas i s  and  ana l yzed  acco rd ing  t o
Tab le  7 -4 .  Eve ry  f i f t h  yea r ,  samp les  co l l ec ted  du r i ng  t he  l ow-
f l ow  pe r i od  (no rma l l y  Oc tobe r )  w i l l  be  ana l yzed  acco rd ing  t o
Tab le  7 -5 .

Genwa l  i s  cu r ren t l y  app l y i ng  f o r  a  r ev i s i on  t o  t he i r  NPDES
perm i t  t o  cove r  unexpec ted l y  l a rge  i n f l ows  o f  wa te r  t o  t he
unde rg round  wo rk i ngs  ( i . e . ,  i n f l ows  t ha t  a re  g rea te r  t han  can  be
s to red  and  used  unde rg round ) .  The  p l an  deve loped  f o r  t h i s  NPDES
perm i t  r ev i s i on  w i l l  con ta i n  i n f o rma t i on  conce rn ing  s to rage ,
t r ea tmen t ,  and  mon i t o r i ng  o f  t he  wa te f l . l  A  copy  o f  t h i s  p l an  and
the  app l i cab le  NPDES pe rm i t  w i l l  be  f o rwa rded  t o  DOGI ' I  when
app rop r i a te .

Wa te r  r i gh t s  appa ren t l y  have  been  f i l ed  f o r  two  add i t i ona l
sp r i ngs  i n  t he  a rea  su r round  i nq  t he  l ease  a reas  ( - 23 -  14O7 .  and
93 - f  408  on  F igu re  7 -7 ) .  As  no ted  i n  Sec t i on  7 .1 .3 .  i l -Un*o -=6u rce
a t  93 - I 407  was  no t  d i scove red  du r i ng  e i t he r  o f  t he  f i e l d  i nven -
to r i es  and  i t  i s  su rm ised  t ha t  t h i s  sou rce  ex i s t s  as  a  seep  on l y
( s im i l a r  t o  93 -140B  ISP-471 ) .  Sou rce  93 -1408  ex i s ted  as  a  seep
in  June  bu t  was  d r y  i n  Oc tobe r .  Hence ,  i t  was  dec ided  noL  t o
mon i t o r  t hese  seeps  on  a  l onq -Le rm  bas i s  s i nce  t hey  do  no t  f l ow  )
a t  a  su f  f  i c i en t  r a te  t o  pe rm i t . sqmp le  co l l ec t i gn . .LrrrrLd?lt; :" 

. i i  Zkr{ R.-u'r; t 'v ' t  r41o '{:" lda"&'} '

Genwa l  has  i ns ta l l ed  one  mon i t o r i ng  we l l  r (MW-1 )  nea r  t he
m ine  po r t a l .  i n  t he  l oca t i on  i nd i ca ted  on  F igu re  7 -4 .  Two
add i t i ona l  mon i t o r i ng  we l l s  w i l l  be  d r i l l ed  unde rg round  ( see
F iqu re  7 -4 ) .  MW-2  w i l l  be  i ns ta l l ed  i n  t he  p roposed  Eas t  I ' 4a i ns
nea r  t he i r  j unc t i on  w i t h  t he  No r th  Ma ins .  MW-3  w i l l  be  i ns ta l l ed
in  t he  eas te rn  t h i r d  o f  Fou r th  Wes t .  These  l oca t i ons  we re  chosen
in  a reas  whe re  access  w i l l  be  ma in ta i ned  as  l on  as  poss ib l e  and
s t i l l  p rov i de  as  much  t r i angu la t i on  w i t h  MW- l  as  poss ib l e .

Each  unde rg round  mon i t o r i ng  we l l  w i l l  be  d r i l l ed  us i ng  a i r -
r o ta r y  t echn igues .  Each  ho le  w i l l  be  d r i l . l ed  app rox ima te l y  2
i nches  i n  d i ame te r  t o  a  dep th  o f  20  f ee t  b l eo  t he  po in t  a t  wh i ch
wa te r  i s  f i r s t  encoun te red  o r  t o  a  dep th  o f  200  f ee t ,  v rh i cheve r
comes  f i r s t .  D r i l l i ng  o f  a  l a rge r  d i ame te r  ho le  a t  g rea te r  dep th
w i l l  be  p rec luded  by  t he  i nab i l i t y  o f  a  l a rge r  d r i l l  r i g  t o
mob i l i ze  unde rg round .

Fo l l ow ing  d r i l l i ng ,  each  ho le  w i l l  be  su rged  w i t h  a i r  t o
remove  f i nes  t ha t  have  accumu la ted  i n  t he  ho1es .  Th i s  su rg  i nq
w i l l  con t i nue  un t i l  t he  wa te r  d i scha rg ing  f r om the  ho les  i s
v i s i b l y  c1ea r ,  A  sho r t  secL ion  o f  2 - i nch  d i ame te r  s t ee l  su r f ace
cas ing  w i t l  be  d r i ven  i n to  t he  t op  o f  t he  ho le  and  cemen ted  i n
p lace .  e  cap  w i l l  be  p l aced  on  t h i s  cas ing  t o  a l l ow  c l osu re  o f
each  we I I  when  no t  i n  us€ .

Cons t ruc t i on  o f  t he  unde rq round  mon i t o r i nq  we l l s  w i l l  beg in
du r i ng  t he  f i r s t  qua te r  o f  1989 .  L i t ho log i c  and  comp le t i on  l ogs
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Tab le  7 -5 .  Ex tended  g roundwa te r  ana l ys i s  l i s t .

F i e l d  Measu re rnen t s :

Wa te r  l eve l  o r  f l ow
pH
Spec  i f  i c  conduc tance  (  umhos r / cm )
Tempera tu re  (oC)

Labora to ry  Measuremen ts  :

To t .a I  d  i sso l ved  so l  i ds
To t .a1  ha rdness  (  as  CaCO3 )
A lum inum (as  A l )
A rsen i c  ( as  As )
Ba r i um (as  Ba )

B i ca rbona te  (  as  HCO3
Boron  (as  B )
Ca rbona te  (as  CO3)
Cadmium (as  Cd )
Ca l c i um (as  Ca )

Ch lo r i de  (as  C l )
Ch rom ium (as  C r )
Coppe r  ( as  Cu )
F luo r i de  (as  F )
D i sso l ved  i r on  (as  f )

Lead  (as  Pb )
Magnes ium (as  Mg)
Manganese  (  as  Mn  )
Mercu ry  (  as  Hg  )
Mo lybdenum (as  I "1o )

N i cke l  ( as  N i )
N i t r ogen -Ammon ia  (as  NH3)
N i t r i t e  ( as  NOZ
N i t r a te  (  as  NO3
Po tass ium (as  K

Phospha te  (as  PO4
Se len ium (as  Se )
Sod ium (as  Na )
Su l f a te  ( as  SO4)
Su l f i de  (as  S )
Zinc (  as Zn)
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o f  t he  we l l s  w i l l  be  subm i tLed  t o  DoGM w i t h  t he  resu l t s  o f
ana l yses  o f  t he  f i r s t  samp les  co l l ec ted  f r om the  we l l s .  An
in te rp re ta t i on  o f  t he  hyd rogeo logy  o f  t he  S ta r  Po in t  aqu i f e r
benea th  t he  m ine  w i1 , l .  a l so  be  subm i t t ed  w i t h  t he  i n i t i a l  wa te r -
qua l  i t y  r esu l t s .

Wa te r - l eve l  measu remen ts  and  wa te r -gua l i t y  samp les  w i l l  be
co l l ec te< l  f r om the  mon i t o r i ng  we l l s  on  a  qua r te r l y  bas i s
fo l l ow ing  comp le t i on .  Du r i ng  t he  f i r s t  two  yea rs  f o l l ow ing
comp le t i on  o f  t he  i n -m ine  we l l s  and  eve ry  f i f t h  yea r  t he rea f t e r
du r i ng  t he  ope ra t i ona l  pe r i od  o f  t he  m ine ,  wa te r -gua l i t y  samp les
co l l ec ted  f r om a l l  we l l s  w i l l  be  ana l yzed  acco rd ing  t o  Tab le  7 -5 .
Du r i ng  i n te r im  yea rs ,  wa te r  qua l i t y  samp les  w i l l  be  ana l yzed
acco rd ing  t o  t he  l i s t  p rov ided  i n  Tab le  7 -4 .  Mon i t o r i ng  w i l l
con t i nue  acco rd ing  t o  t . h i s  schedu le  i n  access ib l e  we l l s  un t i l  two
yea rs  a f t e r  t he  comp le t i on  o f  su r f ace  rec l ama t i on  ac t i v i t i e s .

Each  mon i t o r i ng  we l l  w i t l  be  pumped  p r i o r  t o  samp l i ng  t o
pu rge  i t  o f  s t agnan t  wa te r  s t and ing  i n  t he  ho le .  I n  t he  case  o f
MW- l ,  pu rq ing  w i l l  be  accomp l i shed  us ing  a  submers ib l e  pump .  Fo r
MW-2  and  Mw-3 r  pu rg ing  w i l l  occu r  us i ng  a  b l adde r  pump .

In  each  case ,  pu rg ing  w i l l  con t i nue  un t i l  a t  l eas t  3  t imes
the  vo lume  o f  wa te r  s t and ing  i n  t he  we l l  has  been  pumped .
Samp les  w i l l  be  co l l ec ted  d i r ec t . i l y  f r om the  d i scha rge  l i ne  o f
t he  pump .  Samp les  w i l l  be  p rese rved  and  s to red  i n  acco rdance
w i t h  U .S .  Env i r onmen ta l  P ro tec t i on  Agency  gu ide l i nes .

Groundwa te r  mon i t o r i ng  da ta  co - l l ec ted  f r om the  a rea  w i l l  be
subm i t - t ed  t o  DOGM on  a  qua r te r l y  bas i s .  On  an  annua l  bas i s ,  a
repo r t  w i l t  be  subm i t t ed  t o  DOGIv I  summar i z i ng  a l t  da ta  co l l ec ted
du r i ng  t he  yea r  and  con ta i n i ng  an  ana l ys i s  o f  t he  m ine  wa te r
ba lance ,  accoun t i ng  f o r  m ine  i n f l ows r  ou t f l ows '  consump t i ve  uses ,
and  sump  s to rage .

Fo l l ow ing  t he  comp le t i on  o f  m in i nc ,  ac t i v i t i e s  and  du r i nq  t he
pos t -m in i ng / rec l ama t i on  pe r i od ,  wa te r - I eve l  and  qua l i t y  samp les
w i f f  be  co l l ec ted  annua l l y  f r om the  des igna ted  sp r i ngs  and  l {W- l
un t i l  t he  t e rm ina t i on  o f  bond ing .  I n -m ine  we l l s  w i l l  be
inaccess ib l e  f o l t ow ing  rec l ama t i on .  Samp les  w i l l  be  co l l ec ted
du r i ng  t he  l - a t t e r  po r t l on  o f  t he  summer  t o  r ep resen t  } ow- f  l ow
cond i l i ons .  Samp les  t hus  co l l ec ted  w i l l  be  ana l yzed  f o r_ the
pa rame te rs  l i s t ed  i n  Tab le  7 -4 .  A  repo r t  w i l l  be  subm i t t ed  t o
DOGI {  on  a  annua l  bas i s  summar i z i ng  t he  resu l t s  and  assess ing
m in ing  impac t s  and  sys tem recove ry  s i nce  m in ing  ceased .
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7 . 2  S U R F A C E  W A T E R  H Y D R O L O G Y

7  . 2 .0  SCOPE

Sec t i on  7 .2  p resen t s  a  d i scuss ion  o f  su r f ace  wa te r
cond i t i ons  w i t h i n  and  ad jacen t  t o  t he  pe rm i t  a rea  ( l ease  a rea  SL
062648  a rea  U  054762 \ .  Conc lus i ons  d rawn  he re in  a re  based  upon  a
f i e l d  r econna i ssance  o f  t he  a rea  and  pub l i shed  hyd ro log i c
i n fo rma t i on .

7 .2 . I  METHODOLOGY

' l  . 2 .  l .  I  Gene ra l

The  U .S .  Geo log i ca t  Su rvey  es tab l i shed  a  gag ing  s ta t i on  a t
t he  mou th  o f  C randa l l  C reek  i n  1978 . T h e  g a g i n g  s t a t i o n  v t a s
main ta i ned  t h rough  wa te r  yea r  1984 .  Da ta  co l l ec ted  f r om th i s
s ta t i on  \ ^ re re  ob ta i ned  f  r om the  Wa te r  Resou  r ce  D i v  i  s  i on  o f  t he
USGS i n  Sa l t  Lake  C i t y  and  used  t o  de te rm ine  seasona l  va r i a t i ons
in  f l ows  i n  a reas  ad jacen t  t o  t he  m ine  p l an  a rea .  S t ream
channe l s  c ross ing  t he  pe rm i t  a rea  a re  a l ]  ephemera l  i n  na tu re '
w i t h  no  s t r eamf l ow  da ta  be ing  ava i l ab le .

7 .2 .1 .2  Runo f f  and  Sed imen t  Con t ro l

Wa te rshed  bounda r i es  used  t o  de te rm ine  runo f f  cond i t i ons  a t
t he  s i t e  a re  shown  on  P la te  7 -3 .  Da ta  ob ta i ned  f r om these  wa te r -
sheds  we re  i npu t  t o  a  compu te r  code  deve loped  by  Hawk ins  and
t " l a rsha l f  (  1979 ' )  t o  genera te  runo f  f  hyd rog raphs  f  o r  t he  10 -yea r  '
24 -hou r  s to rm  requ i red  f o r  des ign ing  va r i ous  f ac i l i t i e s .  I n f l ow
hyd roq raphs  t o  and  ou t f l ow  hyd rog raphs  f r om the  sed imen ta t i on
pond  we re  deve loped  f o r  t he  25 -yea r ,  24 -hou r  s to rm  us ing  t he
hyd ro logy  and  sed  imen to logy  mode l  SEDI I " IOT  I I  (Warne r  e t  a I  .  '
1980 ;  W i l son  e t  d l . ,  1980 ) .  Bo th  o f  t hese  codes  mode l  r uno f f
us i nq  t he  ra i n fa l l - r uno f f  f unc t i on  and  t r i angu la r  un i t  hyd roq raph
o f  t he  U .S .  So i l  Conse rva t i on  Se rv i ce  ( I 972 ' ) .

Acco rd ing  t o  t he  U .S .  So i l  Conse rva t i on  Se rv i ce  ( I 972 ) ,  t he
a lgeb ra i c  and  hyd ro log i c  r e l a t i ons  be tween  s to rm  ra i n fa l l ,  so i l
mo i s tu re  s to rage ,  and  runo f f  can  be  exp ressed  by  t he  equa t i ons '

^  =  (P -0 .25 )2
Y  P+0 .85

(7-r )

a n d
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1  000
S = 10  (7 -2 )

CN

where d i rec t  r uno f f  vo l ume  ( i nches )
wa te rshed  s to rage  f ac to r  ( i nches )
ra i n fa l l  dep th  ( i nches )
runo f f  cu r ve  number  ( d imens ion less ) .

I t  shou ld  be  no ted  t ha t  ( a )  Equa t i on  (7 -1 )  i s  va l i d  on l y  f o r
P )=0 .  2S  (o the rw i se  O=0  )  ,  ( b )  Egua t i on  (7 -2 )  ,  as  s ta ted ,  i s  i n
i nches ,  w i t h  t he  va lues  o f  1000  and  10  ca r r y i ng  t he  d imens ions  o f
i nches ,  a l t hough  me t r i c  conve rs i ons  a re  poss ib l e r  and  ( c )  CN  i s
on l y  a  conven ien t  t r ans fo rma t i on  o f  S  t o  es tab l i sh  a  sca le  o f  0
to  100  and  has  no  i n t r i ns i c  mean inq .

The  ave rage  cu rve  number  f o r  und i s tu rbed  a reas  was  ob ta i ned
f rom the  cu rves  p resen ted  i n  F i gu re  7 -9  us i ng  measu red  cove r
dens i t i es  as  repo r ted  i n  Chap te r  9  o f  t he  Pe rm i t  App l i ca t i on
Package  f o r  t he  no r t he rn  ha l f  o f  l ease  a rea  SL  062648  ( f o rmer l y
re fe r red  t o  as  T rac t  2 ) .  A  cu rve  number  o f  69  was  t hus  ob ta i ned
fo r  t he  und i s tu rbed  a reas ,  assum ing  a  hyd ro loo i c  so i l  g roup  o f  C .

The  cu rve  number  f  o r  d  i s t u rbed  and  rec ]a imed  a reas  \ ^ t as
chosen  f r om p ro fess iona l  j udgemen t  and  t abu la ted  va lues  p resen ted
by  t he  U .S .  So i l  Conse rva t i on  Se rv i ce  (L972 ' ) .  Acco rd ing l y ,  a
va lue  o f  90  was  used  f o r  t he  pad  and  road  a reas .  Fo r  r ec l a imed
a reas  w i t h i n  t he  d i s t u rbed  a rea ,  a  cu rVe  number  o f  75  waS
assumed .

The  t r ans la t i on  o f  t he  runo f f  dep th  t o  an  ouL f l ow  hyd rog raph
i s  accomp l i shed  i n  t he  codes  us ing  t he  t r i angu la r  un i t  hyd rog raph
o f  t he  U .  S .  So i l  Conse rva t i on  Se rv i ce  ( I 972 ' )  .  Th i s  un i t  hyd ro -
g raph  i s  shown  i n  F igu re  7 -10  a l ong  w i t h  a  t yp i ca l  cu r v i l i nea r
hyd rog raph .  I t  i s  cha rac te r i zed  by  i t s  t ime  t o  peak  (Tp ) ,
r ecess ion  t ime  (Ts )  r  t ime  o f  base  (Tp )  r  and  t he  re l a t i ons  be tw -een
these  pa rame te rs  ( i . e . ,  T r= l . 67TD;  Tb=2 .67Tp ) .  Thus ,  f r om the
geome t r y  o f  a  t r i ang le ,  t he  i nc remEn ta l  r uno f f  ( 0 )  can  be  de f i ned
by  t he  egua t i on ,

A=
S =
P =

C N =

O = (2 .67rp ) (qp)

2
(7 -3 )

( 7 -4 )

o r

v-p
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r , . / he re  ep  -  peak  f l ow  ra te  (d i rnens ioned  acco rd ing  to  O  and  T )
and  oLhb r  pa rame te rs  have  been  p rev ious l y  de f i ned .

When  O  i s  exp ressed  i n  i nches  and  TD  i n  hou rs ,  ep  w i l l  be  i n
inches  pe r  hou r .  The  f l ow  a t  any  t ime  O? t< t , .  may  be  be te r -
m ined  by  s imp le  l  i nea r  p ropo r t i on ing  o f  t f r e  t r i angu la r  un i t
hyd rog raph .  The  t ime  t o  peak  i s  r e l a ted  t o  t he  f am i l i a r
exp ress ion  t ime  o f  concen t ra t i on  (Tc )  by  t he  egua t i on ,

Tc  +  t  =  1 .7Tp

in  wh i ch  t he  f ac to r  I . 7  i s  an  emp i r i ca l  f i nd i ng
U .S .  So i l  Conse rva t i on  Se rv i ce  (L972 ] l .

(7_s)

c i t ed  by  t he

The  t ime  o f  concen t ra t i on  may  be  es t ima ted  by  seve ra l
f o rmu las .  Fo r  t h i s  r epo r t ,  Tc  was  de te rm ined  f r om the  f o l l ow ing
equa t i ons  (U .S .  So i l  Conse rva t i on  Se rv i ce ,  1972 )z

,  _  lo .8  (s+ l )0 .7

1900  Y0 '5
(7 -6 )

a n d

Tc  =  I . 67L

where  L  =  wa te rshed  l ag  (  hou rs  )
t  =  hyd rau l i c  l e ig th  o f  t he  wa te rshed

the  ma in  channe l  t o  t he  wa te rshed
S  =  wa te rshed  s to rage  f ac to r  de f i ned
Y  =  ave rage  wa te rshed  s l ope  (pe rcen t )

Tc  =  t ime  o f  concen t ra t i on  (hou rs )

(7 -7  )

t  o r  d i s t ance
d i v i de  (  f ee t )

i n  Equa t i on  (2

a l o n g

)

Dive rs i ons  v re re  des igned  t o  convey  runo f f  f r om an  und i s -
tu rbed  a rea  a$ tay  f rom the  d i s tu rbed  s i t e  us ing  the  Mann ing  and
con t i nu i t y  equa t i ons :

R0 .67  S0 .50 (7 -8 )

and

O=AV

( fee t  pe r  second )
rad ius  (  f ee t )
s lope  (  f ee t  pe r
coe f f i c  i en t
( cub i c  f ee t  pe r
(  squa re  f ee t  )

(7-e)

where  V
R
S
n
o
A

ve loc  i  t y
hyd rau l  i c
hyd rau l  i c
roughness
d i  scha rge
f l ow  a rea

foo t  )

second  )
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Va Iues  o f  t he  roughness  coe f f i c i en t  r egu i r : ed  f o r  t he  so lu t i on  o f
Equa t i on  (7 -B )  we re  ob ta i ned  by  compar i ng  l oca l  cond i t i ons  w i t h
tabu la ted  va lues  p rov ided  by  t he  U .S .  So i l  Conse rva t i on  Se rv i ce
(1956 ) .  An  emp i r i ca l  f o rmu la  deve loped  by  Ande rson  e t  a l .  ( 1970 )
\ ^ / as  used  t o  de te rm ine  t he  roughness  coe f  f  i c  i en t  f  o r  r i p rap
l  i n  i ngs .

Ca l cu la t i ons  w i t h  Equa t i ons  (7 -8 )  and  (7 -9 )  we re  pe r f o rmed
us ing  an  i n te rac t i ve  compu te r  code  en t i t l ed  TRAPI  as  ob ta i ned
f rom the  U .S .O f f i ce  o f  Su r face  M in ing  and  ou t l i ned  by  We ide r  e t
a I  .  ( f 983 ) .  Th i s  code  l vas  used  t o  de te rm ine  f l ow  cond i t i ons  i n
the  d i ve rs i on  channe l  a t  t he  des ign  f l ow  ra te .

The  sed imen ta t i on  pond  a t  t he  downs t ream edge  o f  t he  s i t e
has  been  des igned  w i t h  a  p r ima ry  and  emergency  sp i l lway .  The
p r ima ry  sp i l lway  cons i s t s  o f  a  CMP r i se r  and  p i pe  t h rough  t he
embankmen t  wh i l e  t he  emergency  sp i l lway  cons i s t s  o f  a  r i p rapped
over f l ow  a t  t he  co rne r  o f  t he  embankmen t .

A t  l o w  h e a d s ,  t h e  h y d r a u l i c  c a p a c i t y  o f  t h e  p r i m a r y  s p i l l w a y
b e h a v e s  a s  a  w e i r .  A c c o r d i n g  t o  B a r f i e l d  e t  a l .  ( 1 9 8 1 )  '  t h e
e q u a t i o n  f o r  w e i r - c o n t r o l l e d  f l o w  i s

g  =  9 t r91 .5

whe re  O  =  d i scha rge  ( cub i c  f ee t  pe r  second )
C  =  we i r  coe f f i c i en t
L  =  l eng th  o f  t he  we i r  ( f ee t )
H  =  dep th  o f  wa te r  above  t he  we i r  c res t  ( f ee t ) .

( 7 -10 )

A  va lue  o f  t he  we i r  coe f f i c i en t  equa l  t o
s i nce  t he  s t r uc tu re  w i t l  ac t  as  a  b road -c res ted
a l . ,  I 9B1 ) .  The  l eng th  o f  t he  we i r  i s  equa l  t o
o f  t he  CMP r i se r .

As  t he  dep th  o f
ac t s  l i ke  an  o r i f i ce .
e t  a l . ,  f g8 f  )

wa te r  i nc reases  above  t he
The  egua t i on  f o r  o r i f i ce

A  =  C rA (2gH)0 .5

3 .1  was  se lec ted
we i r  (Ba r f i e t d  e t
t he  c i r cumfe rence

r i se r ,  t he  r i se r
f l ow  i s  (Ba r f i e I d

(7- r1)

where  C '=  o r i f i ce  coe f f i c i en t
A  =  c ross -sec t i ona l  a rea  o f  t he  i n l e t  ( squa re  f ee t )
g  =  g rav i t a t i ona l  cons tan t  ( f ee t  pe r  second  squa red )

and  o the r  pa rame te rs  have  been  p rev ious l y  de f i ned .  A  va lue  o f
0 .60  was  se lec ted  f o r  t he  o r i f i ce  coe f f i c i en t  based  on  gu ide l i nes
p resen ted  by  Ba r f i e l d  e t  a l .  (  1981  )  .

P i pe  f l ow  occu rs  when  t he  head  i nc reases  su f f i c i en t l y  t o
cause  t he  ou t l e t  o f  t he  d i scha rge  p i pe  l ead ing  f r om the  r i se r  t o
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f l ow  f u r l .  The  d i scha rge  capac i t y  o f  t he  cu l ve r t s  unde r
cond i t i ons  was  de te rm ined  us ing  t he  equa t i on ,

p ipe  f l ow

(7  - t 2 )

where

O =  A (  2gH ' )0 .5 / (  l + r .+x6+KcL )0 .

head  on  the  p ipe  (  f ee t  )
en t rance  l oss  coe f f i c i en t
bend  l oss  coe f f i c i en t
f r i c t i on  I oss  coe f f i c i en t

and  a l l  o t he r  pa rame te rs  have  been  p rev ious l y  de f i ned .  Va Iues  o f
1 .0 ,  0 .5 ,  and  0 .062  we re  used  f o r  Ke ,  Kb ,  and  Kc ,  r espec t i ve l y
based  on  i n fo rma t i on  p rov ided  by  Ba r f i e l d  e t  a l .  ( 1981 ) .

The  d i scha rge  capac i t y  o f  t he  emergency  sp i l lway  $ ras
de te rm ined  us ing  a  me thod  deve loped  by  t he  U .S .  So i l  Conse rva t i on
Se rv i ce  (  1968  )  and  expanded  by  Ba r f i e l d  e t  a l .  (  I 9B1  )  f o r  b road -
c res ted  we i r s .  Acco rd ing  t o  t h i s  me thodo logy r  t he  c r i t i ca r
spec i f i c  ene rgy  head  (Hec )  i s  de te rm ined  f o r  se lec ted  va lues  o f
t he  ene rgy  head  o f  wa te r  i n  t he  pond  (Hn )  f r om F igu re  7 -11 .  The
d i scha rge  capac i t y  o f  t he  sp i l lway  i s  f hen  ca l cu la ted  f o r  t he
s tanda rd  100 - foo t  w ide  rec tangu la r  sec t i on  f r om the  egua t i on ,

er  =  (0 .54a)  (g0 .5 )  (Hec l .5 )  (  f00 )

H r  =

Ke=
K5=
Kc=

(  7 -13  )

whe re  Qr  =  d i scha rge  f o r  s t anda rd  100 - foo t  r ec tangu la r  sec t i on
(cub i c  f ee t  pe r  second )

and  a I l  o t he r  pa rame te rs  have  been  p rev ious l y  de f i ned .  The  f l ow
i s  t hen  co r rec ted  f o r  a  t r apezo ida l  sec t i on  us ing  t he  equa t i on ,

q  =  ( [ 1 .5b  +  zHec ] / LSO) (q r ) ( 7 - t 4 )

where =  co r rec ted  d i scha rge  ( cub i c  f ee t  pe r  second )
=  bo t t om w i t h  o f  channe l  ( f ee t , )
=  channe l  s i de  s l ope  ( r un  ove r  r i se  d imens ion less ) .

Y

b
z

The  hyd rau l i c s  o f  t he  sp i l lway
assum ing  t he  pond  was  dewa te red  t o
s to rage  l eve l  p r i o r  t o  i n f l ow  f r om the

7 .2 .  L .3  S tab i l i t y  Ana l yses

sys tem v ras  de te rm ined  by
the  t op  o f  t he  sed imen t
25 -yea r ,  24 -hou r  s to rm .

Due  t o  space  res t r i c t i ons ,  t he  sed imen t  pond  f o r  t he  m ine
s i t e  was  des igned  w i t h  ups t ream and  downs t ream s lopes  bo th  equa l
t o  2h :1v .  S ince  U l ' tC  817 .  46  (m)  r equ i res  a  comb ined  s l ope  o f
5h : l v '  a  s t ab i l i t y  ana l ys i s  was  conduc ted  t o  ensu re  t ha t  t he  pond
embankmen t ,  as  des igned ,  wou ld  be  s tab le .

The  s tab i l i L y  ana l ys i s  \ das  conduc ted  us ing  a  m ic rocompu te r
ve rs i on  o f  t he  p rog ram en t i t l ed  STABL2  (S iege1 ,  1978  ) .  The
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mod i f i ed  B i shop  me thod  was  used  t o  ca l cu la te  t he  f ac to r  o f  sa fe t y
unde r  bo th  s ta t i c  and  se i sm ic  cond i t i ons .  S tab i l i t y  was  mode led
assum ing  bo th  f u l l  and  emp ty  ponds r  bo th  w i t h  and  w i t hou t  t he
des igned  c l ay  l i ne r  f unc t i on ing .  Resu l t s  o f  t hese  ana l yses  a re
p resen ted  i n  Sec t i on  7 .2 .3 .2  and  Append i x  7 -6 .

7 .2 .2  EX IST ING SURFACE WATER RESOURCES

7 .2 .2 .1  Reg iona l  Su r face  Wa te r  Hyd ro logy

Cranda l - l  C reek  i s  an  eas t - f  l ow ing  t r i bu ta r y  o f  Hun t i ng  t on
Creek ,  one  o f  t he  ma jo r  L r i bu ta r i es  o f  t he  San  Ra faeL  R i ve r .
Hun t i ng ton  C reek  had  annua l  f l ows  nea r  Hun t i ng ton  rang ing  f r om
25 ,000  t o  150 ,000  ac re - f ee t  du r i ng  t he  pe r i od  o f  Oc tobe r  1931
th rough  Sep tember  1973 r  dve rag ing  65 r000  ac re - f ee t  pe r  yea r
(Wadde l . I  e t  d l . ,  198 l ) .  Va r i a t i ons  i n  t he  annua l  f l ow  o f
Hun t i ng ton  C reek  nea r  Hun t i ng ton  a re  po r t r ayed  g raph i ca l l y  i n
F igu re  7 - I 2 .

App rox ina te l y  50  t o  70  pe rcen t  o f  s t r eamf l ow  i n  t he  moun ta in
s t reams  o f  t he  reg ion  occu rs  du r i ng  May  t h rough  Ju l y  (Wadde l l  e t
a l . ,  t 9B1 ) .  S t reamf l ow  du r i ng  t h i s  l a t e  sp r i nc f / ea r l y  summer
per  i od  i s  t he  resu l  t  o f  sno l tme l t  runo f  f  .

The  gua l i t y  o f  wa te r  i n  Hun t i ng ton  C reek  and  o the r  s im i l a r
s t r eams  i n  t he  a rea  va r i es  s i gn i f i can t l y  w i t h  d i s t ance  down-
s t ream.  Wadde l l  e t  a I  .  (  198  1  )  f ound  t ha t  concen t ra t i ons  o f
d i sso l ved  so l . i ds  va r i ed  f r om I25  t o  375  m i l l i g rams  pe r  l i t e r  i n
reaches  o f  ma jo r  s t r eams  above  ma jo r  d i ve rs i ons  t o  I 600  t o  4025
mi l l i g rams  pe ;  l i t e r  i n  r eaches  be low  ma jo r  i r r i ga t i on  d i ve rs i ons
and  popu la t i on  cen te r s .  The  ma jo r  i ons  a t  t he  uppe r  s i t es  h te re
found  t o  be  ca l c i um,  magnes ium,  and  b i ca rbona te ,  whe reas  sod ium
and  su l f a te  became  more  dom inan t  a t  t he  l owe r  s i t es .  They
a t t r i bu ted  t hese  changes  t o  ( a )  d i ve rs i on  o f  wa te r  con ta i n i ng  l ow
d i sso l ved  so l i ds  concen t ra t i ons ,  ( b )  subseguen t  i r r i ga t i on  and
re tu rn  d ra i nage  f r om mode ra te  t o  h i gh l y  sa l i ne  so i l s ,  ( c )  g round -
wa te r  Seepage ,  and  (d )  i n f l ow  o f  sewage  and  po l l u t an t s  f r om
popu la t i on  cen te r s .

Ave rage  annua l  sed imen t  y i e l ds  w i t h i n  t he  Hun t i ng ton  C reek
d ra inage  bas in  r ange  f r om app rox ima te l y  0 .1  ac re - f ee t  pe r  squa re
m i l e  i n  t - he  headwa te rs  a rea  t o  abou t  3 .0  ac re - f ee t  pe r  squa re
m i l e  nea r  t he  con f  I uence  ! ' / i t h  t he  San  Ra f  ae l  R i ve r  (wadde l l  e t
d l . ,  1981  )  .  I nc reases  i n  sed imen t  y i e l d  w i t h  i nc reas inq  d i s t ance
downs t ream i s  gene ra l l y  t he  resu l t  o f  i nc reas ing  amoun ts  o f  sha le
and  sands tone  i n  t he  downs t ream d i r ec t i on  (Wadde l l  e t  a l  . ,  19B f  )  .
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7 .2 .2 .2  M ine  P lan  A rea  Su r face  Hyd ro logy

The  pe rm i t  a rea  i s  d ra i ned  en t i r e l y  by  ephemera l  wa te r sheds .
These  wa te rsheds  a re  s teep  (w i t h  ave rage  s l opes  o f t en  exceed ing
50  pe rcen t )  and  we l l  vege ta ted  (w i t h  pe rcen t  cove rs  a l so  o f t en
exceed inq  50  pe rcen t ) .

F l ow  da ta  co l l ec ted  aL  t he  U .S .  Geo log i ca l  Su rvey  gaq inq
s ta t i on  a t  t he  mou th  o f  C randa l l  C reek  a re  con ta i ned  i n  Append i x
7 -2 .  These  da ta  a re  summar i zed  i n  F i gu res  7 -13  (mon th l y  f l ow
vo lumes )  and  7 -L4  (mon th l y  max imum and  m in imum f l ow  ra tes )  f o r
t he  pe r i od  o f  r eco rd  (Oc tobe r  1978  Sep tember  1984  ) .  Da ta
co l l ec ted  f r om the  USGS gaq ing  s ta t i on  l oca t i on  a t  t he  mou th  o f
C randa l l  Canyon  was  d i scon t i nued  by  t he  USGS i n  1984 .

As  no ted  i n  F i gu res  7 -13  and  7 -74 ,  t he  f l ow  da ta  f o r
C randa l l  C reek  a re  no t  comp le te  f o r  t he  w in te r  mon ths  i n  mos t
yea rs ,  due  p resumab l y  t o  da ta  acqu i s i t i on  p rob lems .  Howeve r ,  t he
l im i t ed  da ta  i nd i ca te  t haL  mos t  o f  t he  f l ow  o f  C randa l l  C reek
occu rs  i n  t he  pe r i od  o f  May  t h rough  Ju t y ,  i n  keep ing  w i t h  t he
conc lus i ons  o f  wadde l l  e t  a1 .  (  f 9B1  )  .  Assum ing  an  ave rage  f l ow
o f  30  ac re - f ee t  pe r  mon th  f o r  t he  pe r i od  o f  m i ss i ng  reco rd r  t he
ave rage  annua l  f l ow  f o r  t he  s i x - yea r  pe r i od  o f  da ta  con ta i ned  i n
Append i x  7 -2  h ras  2740  ac re - f ee t .

Acco rd  i ng  t o  F igu re  7 - I 4  r  r n€ rx imum f  l ow  ra tes  i n  C randa l l
C reek  no rma l l y  occu r  i n  t he  mon th  o f  May  o r  June ,  wh i l e  m in imum
reco rded  f l ows  occu r red  du r i ng  t he  mon ths  o f  Sep tember  t h rough
November .  Du r i ng  t he  pe r i od  o f  r eco rd ,  t he  max imum reco rded
da i l y  f l ow  ra te  has  been  BB  cub i c  f ee t  pe r  second  (on  May  30 ,
1983 ) .  The  m in imum reco rded  da i l y  f l ow  ra te  has  been  0 .28  c f s
(on  seve ra l  days  i n  Sep tember  198 I )  du r i ng  t he  same  pe r i od .
Lower  m in imums may  have  occu r red  du r ing  the  pe r iod  when  da ta  a re
l ack ing .

P lan  and  p ro f i l e  v i ews  o f  C randa l l  C reek  ad iacen t  t o  t he
su r face  f ac i l i t i e s  a re  shown  on  P Ia te  7 - I .  Se lec ted  c ross
sec t i ons  a re  p rov ided  on  P la te  ' 7 -2 .  As  no ted ,  C randa l l  Canyon  i s
s teep ,  w i t h  Channe l  s l opes  no rma l l y  exceed ing  5  pe rcen t .  The
channe l  bo t t om i s  app rox ima te l y  10  f ee t  w ide  and  s i de  s l opes  a re
s teep  (gene ra l l y  g rea te r  t han  100  pe rcen t ) .

Su r face  wa te r -gua l i t y  da ta  co l l ec ted  f r om Cranda l l  C reek  by
Genwa l  a re  con ta i ned  i n  Append i x  7 -3  and  summar i zed  i n  Tab le  7 -
5a .  These  da ta r  co l l ec ted  be tween  June  I 9B3  and  November  1985 t
i nd i ca te  t ha t  t he  dom inan t  i ons  i n  C randa l l  C reek  a re  ca l c i um and
b i ca rbona te .  To ta l  d i sso l ved  so l i ds  concen t ra t i ons  i n  t he  s t r eam
have  va r i ed  f o rm  180  t o  286  m i l l i g rams  pe r  l i t e r ,  w i t h  l owe r
concen t ra t i ons  no rma l l y  occu r r i ng  du r i ng  t he  h i gh - f l ow  season .

To ta l  suspended  so l i ds  concen t ra t i ons  i n  C randa l l  C reek  have
va r i ed  du r i ng  t he  pe r i od  o f  r eco rd  f r om <0 .5  t o  5 .0  m i l l i g rams
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T a b l e  7 - 5 a .  C o n c e n t r a t i o n s  o f  s e l e c t - e c i  c o n s t i . t u e n t s  i n  C r a n d a l  I
C r e e  k  .

Cons  t  i  t uen t Max imum
(ns /  I )

M in  imum
(ms / I )

Mean
(ng / I l

Da te D a t e

Upper

To ta I
To ta I
pH(b )
To ta l
D i  ss .
To ta l

Lower

To ta I
To ta l
pH(b )
To ta I
D i  ss .
To ta l

S ra t i on (a )  OO

Diss .  So l  i ds
Susp .  So l  i ds

I  ron
f  ron
I t langanese

S ta t i on (a )  SZ

D iss .  So l  i ds
Susp .  So I  i ds

I  ron
I  ron
Manganese

Samp les

320
r472
B.  28
0 .  34

<0 .05
0 .  03

Samp les

323
1468
B .  66
0 .25

<0 .  05
0 .03

rL  /24 /87
s / r6 /  84

ro  /  2e /86
6 /28  / 83
Seve ra l
Seve ra l

L /2e  /86
5 / r6 /84

rL  /20 /86
6 /28 /83
S e v e r a l
S e v e r a l

4 /08  /Bs
7  / r7  /86

r l  / r4 /84
Seve ra l
Seve ra l
Seve ra l

180
0

6 .75
<0 .05
<0 .  05
<0 .  01

165
0

6 .  95
<0 .05
<0 .05
<0 .  0 l

r t  /07  /84
7 / r7  /86

L | /OL  / 84
Seve ra l
Seve ra l
Seve ra l

255
59 .  3
7 .78
0 .  06

<0 .  05
0 .  01

2s9
57.  B
7 .75

<0 .05
<0 .05

0 .  01

( a ) S e e  F i q u r e  7 - I 4
( b ) r n  s t a n d a r d  p H  u n i t s
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pe r  I i t e r  ( see  Append i x  7 -3 ) .  As  expec ted ,  t he  h i ghes t  suspended
so l i ds  concen t ra t i ons  gene ra l l y  occu r  du r i ng  pe r i ods  o f  h i ghes t
f l ow .

. I  , 2 .3  SURFACE WATER DEVELOPMENT AND CONTROL

7 .2 .3 .L  Wa te r  Supp l y

No  ex tens i ve  su r f ace  wa te r  deve lopmen t  has  occu r red  i n  t he
m ine  p l an  o r  ad jacen t  a reas .  Genwa l  has  h i s t o r i ca l l y  pumped
wa te r  f r om the  s t r eam nea r  t he  sed imen ta t i on  pond  f o r  use
unde rg round .  Howeve r ,  no  pump inq  has  t aken  p l ace  ove r  t he
p rev ious  two  yea rs .  Once  t he  magn i t ude  o f  t he  m in imum ins t ream
f l ow  i s  es tab t i shed ,  Genwa I  ag rees  t o  no t  pump  f r om Cranda l l
C reek  a t  a  r a te  t ha t  w i l l  cause  t he  i ns t r eam f l ow  t o  dec rease
be low  the  m in imum regu i red  ra te .  Fo r  t he  pu rpose  t o  t h i s
de te rm ina t i on ,  f l ow  ra tes  we l l  be  measu red  us ing  t he  f l ume  a t  t he
"Lo rn re r  S t ream S ta t i on "  i nd i ca ted  on  F igu re  7 -20 .  No  o the r  po in t s
o f  deve lopmen t  a re  known  to  ex i s t  on  C randa l l  C reek  o r  ad jacen t
s t r eams  i n  t he  immed ia te  v i c i n i t y  o f  t he  m ine  p l an  a rea .

Genwa l ,  i n  consu l t a t i on  w i t h  t he  U .S .  Fo res t  Se rv i ce ,  w i l l
de te rm ine  t he  app rop r i a te  base - l i ne  s t r eam f l ows  wh i ch  shou ld  be
ma in ta i ned  i n  C randa l I  C reek  du r i nq  pump ing  ep i sodes .

Tab te  7 -6  p resen t s  a  l i s t i ng  o f  su r f ace  wa te r  r i qh t s  w i t h i n
the  pe rm i t t ed  and  ad jacen t  a reas  as  ob ta i ned  f r om the  f i l e s  o f
t he  U tah  D i v i s i on  o f  Wa te r  R igh t s  i n  Sep tember  1987 .  Mo re
indep th  i n fo rma t i on  conce rn ing  t hese  r i gh t s  i s  con ta i ned  i n
Append i x  7 -L .  Loca t i ons  o f  t hese  r i gh t s  a re  no ted  on  F igu re
7 -15 .

A l l  su r f ace  wa te r  r i qh t s  no ted  i n  Tab le  7 -6  and  F igu re  7 -1  5
a re  he ld  by  t he  U .S .  Fo res t  Se rv i ce  f o r  s t ock  wa te r i ng  pu rposes .
Howeve r ,  du r i ng  t he  two  l 9B5  seep  and  sp r i ng  su rveys r  ho  s i gns  o f
s tock  usage  o f  t he  a rea  $ te re  no ted .  Thus ,  a l t hough  t he  r i gh t s
ex i s t ,  usage  o f  t hese  r i gh t s  i s  appa ren t l y  cu r t a i l ed .

On l y  one  wa te r - supp fy  i n t ake  i s  known  to  ex i s t  on  C randa l l
C reek .  Th i s  i n t ake  i ;  l o ca ted  immed ia te l y  ups t ream f rom the
sed imen ta t i on  pond  and  i s  ope ra ted  by  Genwa l  t o  ob ta i n  wa te r  f o r
use  a t  t he  m ine  .  A  sea rch  o f  r eco rd  s  on  f  i  l e  w i t - h  t he  U tah
D iv i s i on  o f  Wa te r  R igh t s  and  an  exam ina t i on  o f  phys i ca l
cond i t i ons  a l ong  C randa l l  C reek  and  Hun t i ng ton  C reek  i nd i ca te
tha t  no  o the r  wa te r - supp l y  i n t akes  ex i s t  w i t h i n  one  m i l e  f r om the
con f l uence  o f  t he  two  s t r eams .
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TabLe  7 -6 .  Su r face  wa te r  r i gh t s  i n  t he  m ine  p l an  and  ao jacen t  a reas .

W.  U .
C  l a im
l T a Ovrner

F  l ow
(c f s ) Use Per iod  o f  Use Source

{
I

LN

Y J . L 6 Z

93 -183

Y J - I U d

9 J - L 9 V

9  3 -19  i _

93 -483

93 -11_80

U.  S .  Fo res t

U .  S .  Fo res t

U .S .  Fo res t

U .S .  Fo res t

U .  S .  Fo res t

U .S .  Fo res t

I 1  q  E ' n r o c f

Serv i ce

Serv i ce

Serv i ce

Serv i ce

Serv i ce

Serv i ce

Serv i ce

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

May  2L

June 6

May  2L

May  2L

June 6

June 6

May  2L

to Aug

to Aug

! a  7 \ r r x
L V  n u Y

to Aug

to Aug

r a  7 \ r r a
L V  n u Y

to  Aug

St ream

St ream

St ream

St ream

St ream

St ream

St ream

( a )

( b )

( a )

( a )

( b )

( b )

( a )

30

25

30

30

z )

25

30

( a )  P a r t  o f
( b )  P a r t  o f

r ,vater  r ight  WUC
water  r ight  WUC

93- l -16  on  Hun t ing ton
93 -1 -403  on  C randa l l

C r e e k
C a n y o n  A 1  l o t m e n t
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7 .2 .3 .  2  Runo f f -  and  Sed imen t -Con t ro l  Fac i l i t i e s

Resu l t s  o f  ana l yses  t o  de te rm ine  t he  regu i red  s i ze  and
hyd rau l i c s  o f  t he  sed imen ta t i on  pond  a re  i nc l uded  i n  Append i x
7 -4 .  I n  s i z i ng  t he  pond ,  p l ans  f o r  f u tu re  expans ion  o f  t he
su r face  f ac i l i t i e s  a t  t he  C randa l l  Canyon  M ine  we re  accoun ted
fo r .  De ta i l - s  o f  t he  sed imen ta t i on  pond  regu i red  f o r  comp l i ance
w i t h  30  CFR 77 .216 -1  and  30  CFR 77 .216 -2  a re  con ta i ned  i n
Append i x  7 -8 .

Runo f f  t o  t he  sed imen ta t i on  pond  f rom the  1O-yea r ,  24 -hou r
s to rm  was  de te rm ined  t o  be  0 .68  ac re - f oo t  (w i t h  0 .30  ac re - f oo t
o r i g i na t i ng  on  rec l a imed  and  und i s tu rbed  a reas  and  0 .38  ac re - f oo t
o r i g i na t i ng  on  d i s t u rbed  and  ponded  a reas ) .  Requ i red  sed imen t
s to rage  f o r  t he  pond  was  de te rm ined  t o  be  0 .31  ac re - f oo t ,
i nc l ud ing  O .27  ac re - f oo t  f r om d i s tu rbed  a reas  and  0 .03  ac re - f oo t
f r om und  i s t u rbed  and  rec l a imed  a reas  ove r  a  3  yea r  pe r i od  -
Hence ,  t he  pond  v ras  des igned  w i t h  a  t o ta l  s t o rage  vo lume  o f  0 .98
ac re - f oo t .

P la te  7 -4  p resen t s  de ta i l s  o f  t he  sed imen ta t i on  pond  des ign .
C ross  sec t i ons  re fe r red  t o  on  t he  p l a te  a re  f ound  on  P laLe  7 -6 .
Based  on  t he  t opog raph i c  map  o f  t he  pond ,  t he  s tage -capac i t y
cu rve  p rov ided  i n  F i gu re  7 -L6  was  deve loped .  Th i s  s tage -capac i t y
cu rve  has  t aken  accoun t  o f  t he  c l ay  l i ne r  and  t he  g rave l  ma rke r
no ted  on  P la te  7 -4 .

As  no ted  i n  F i gu re  7 -16 ,  t he  pond  p rov ides  sed imen t  s t o rage
to  an  e l eva t i on  o f  7777 .L  f ee t  and  t o ta l  s t o rage  ( sed imen t  p l us
runo f f )  t o  an  e l eva t i on  o f  7782 .6  f ee t .  Sed imen t .  w i l l  be  c l eaned
ou t  o f  t he  pond  when  i t  r eaches  an  e l eva t i on  o f  7775 .5  f ee t  a t
t he  r i se r  ( t he  e l eva t i on  co r respond ing  t o  a  vo lume  o f  60  pe rcen t
o f  t he  regu i red  sed imen t  s t o rage  vo lume) .  Two  s tee l  s t akes  a re
p laced  a t  t he  l oca t i ons  shown  on  P la te  7 -4  t o  mark  t he  sed imen t -
c l ean -ou t  e l eva t i on  o f  7775 .5  f ee t .

Sediment  removed f rom the
t h e  l o c a t i o n  n o t e d  o n  P l a t e
s e d i m e n t  w i l l  b e  i n  a c c o r d a n c e

pond  w i l l  be  i n i t i a l lY  s to red  i n
3 -1 .  Pe rmanen t  d i sPosa l  o f  t he
w i t h  Sec t i on  3 .3 .9 .

A  p rev ious  r i se r  i n  t he  sed imen ta t i on  pond  had  an  ove r f l ow
e leva t i on  o f  7779 .4  f ee t  and  a  decan t  e l eva t i on  o f  7777 .1  f ee t .
The  decan t  sys tem \ ^ / as  i ns ta l l ed  acco rd ing  t o  P la te  7 ' 5  ( i . e .  ,  d t
t he  t op  o f  t he  sed  imen t  s t o rage  l eve l  )  .  A  ga te  va l ve  v tas
i ns ta l l ed  as  no ted  t o  a l l ow  manua l  d ra i n i ng  o f  t he  pond .  A
locked  cap  v ras  p laced  ove r  t he  access  po r t  t o  t he  ga te  va l ve  t -o
p reven t  unau tho i i zed  en t r y .  The  key  t o  t h i s  va l ve  i s  kep t  a t  t he
Genwa I  o f f i ce  i n  Hun t i ng ton .  Unde r  no  c i r cums tances  w i l l  wa te r
be  d i scha rged  f r om the  sed imen ta t i on  pond  t o  C randa l l  C reek  p r i o r
Lo  24  hou rs  f r om the  end  o f  t he  runo f f  even t  t o  t he  pond .
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Pr io r  t o  any  d i scha rges  t h rough  t he  decan t  sys tem on  t he
sed imen ta t i on  pond ,  a  samp le  w i l l  be  co l l ec ted  t o  de te rm ine  t o ta l
suspended  so l i ds ,  se t t l eab le  so l_ i ds ,  t o ta l  d i sso l ved  so l i ds ,  o i 1
and  g rease ,  t o ta r  i r on ,  t o ta l  manganese  concen t ra t i ons ,  and  pH .
Th i s  samp le  w i l l  be  co r l ec ted  by  open ing  t he  ga te  va l ve  on  t he
dewa te r i ng  dev i ce ,  a l l ow ing  wa te r  t o  f l ow  f r om the  pond  t h rough
the  p r ima ry  sp i l lway  f o r  a  su f f i c i en t  t ime  t o  co l l ec t  a  samp le  o f
t he  wa te r ,  and  t hen  immed ia te l y  shu t t i ng  t he  ga te  va rve  t o
p reven t  f u r t he r  dewa te r i ng .  Th i s  samp le  w i l l  t hen  be  subm i t t ed
to  a  l abo ra to r y  f o r  ana l yses  o f  t he  i nd i ca ted  pa rame te rs .

A f t e r  r ece ip t  o f  ana l y t i ca l  r esu l t s  f r om the  l abo ra lo r y ,  i f
t he  pH  and  concen t ra t i ons  o f  t o ta l  suspended  so l i ds r  Se t t l aab le
so l i ds ,  t o ta l  d i sso rved  so l i ds ,  o i r  and  g rease ,  t o ta l  i r on ,  and
to ta l  manganese  a re  w i t h i n  t he  accep tab le  l im i t s  es tab l i shed  by
U l4C  8 I7 .42  and  t he  NPDES pe rm i t  f o r  t he  sed imen ta t i on  pond ,  wa te r
w i l l  be  d i scha rged  f r om the  pond  t h rough  t he  dewa te r i ng  dev i ce .
I f  t he  pa rame te rs  o f  conce rn  a re  no t  w i t h i n  t he  accep tab le
l im i t s '  no  wa te r  w i ] 1  be  d i scha rged  t h rough  t he  dev i ce .

The  sed imen ta t i on  pond  w i l l  no rma l l y  be  dewa te red  d i r ec t l y
t o  c randa l l  c reek .  Howeve r ,  i n  t he  even t  o f  an  emergency  (e .g . ,
r uno f f  f l ow ing  i n to  t he  pond  when  i t  i s  f u l 1  bu t  t he  qu l t i t y  o f
wa te r  i n  t he  pond  i s  no t  su f f i c i en t  t o  pe rm i t  d i scha rge  t o
c randa l l  c reek ) ,  t he  pond  w i t r  be  pumped  t o  t he  unde rg round  sump
in  t he  m ine .  No  wa te r  w i l l  be  d i scha rged  f r om the  sump  to  t ha
su r face  un less  wa te r  i n  t he  sump  i s  de te rm ined  t o  mee t  t he  wa te r -
qua l i t y  s t anda rds  o f  UMC 817 .42  and  t he  NPDES pe rm i t .  Th i s  w i l l
be  de te rm ined  by  open ing  t he  va l ve  t o  t he  d i scha rge  r i ne  f o r  a
su f f i c i en t  t i ne  t o  a l l ow  co l l ec t i . on  o f  a  samp le  a t  t he  NPDES
d ischa rge  po in t  ( i . € . 1  t he  sed imen ta t i r : n  pond  ou t l e t ) .  Th i s
samp le  w i l I  l i kew i se  be  ana l yzed  f o r  t he  pa rame te rs  o f  conce rn .
I f  t he  ana l y t i ca l  r esu l t s  i nd i ca te  t ha t  t he  wa te r  i s  o f  adequa te
qua l i t y '  i t  w i I l  be  d i scha rged  t o  t he  su r f ace .  I f  t he  wa te r  i s
no t  o f  adequa te  qua l i t y ,  i t  w i l l  no t  be  d i scha rged .

Du r i ng  d i scha rge  o f  wa te r  t o  C randa l l  C reek  f r om e i t he r  t he
sed imen ta t i on  pond  o r  t he  unde rg round  sump ,  samp les  o f  t he  wa te r
w i r l  be  co l l ec ted  a t  t he  d i scha rge  po in t  a t  t he  beg inn ing ,
m idd le ,  and  end  o f  t he  d i scha rge  t ime .  These  samp les  w i l l  be
sen t  t o  a  l abo ra to r y  f o l l ow ing  t he  d i scha rge  pe r i od  f o r  ana l yses
o f  t o ta l  suspended  so l i ds ,  se t t l eab le  so l i ds ,  t o ta l  d i sso l ved
so r i ds ,  t o ta l  i r on ,  t o ta l  manganese ,  o i l  and  g rease ,  and  pH .
Ana l y t i ca l  r esu l t s  w i11 .  be  subm i t t ed  t o  t he  D i v i s i on  w i t h i n  10
work i ng  days  o f  r ece ip t  o f  t hese  resu l t s  f r om the  l abo ra to r y .

The  ou t f l ow  po in t  on  t he  r i se r  was  ra i sed  3 .2  f ee t  t o  an
e leva t i on  o f  7782 .6  f ee t  ( t he  t op  o f  t he  t o ta l  s t o rage  poo l ) .
Th i s  was  accomp l i shed  w i t h  a  sec t i on  o f  24 - i nch  CMP c lamped  t o
the  ex i s t i nq  r i se r .
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During the spring of 1989, leakage was noted through jointd
Iocated in the lower port ion of the sedimentation pond riser. This
Ieakage has caused a slight but continual discharge from the
sedimentation pond. To al leviate this leakage, the lower port ion
of the r iser and the exist ing barrel wiII  be plugged with cement.
A new barrel will be installed through and down the face of the
embankment. This r iser wil l  extend to Crandall  Creek, discharging
onto natural r iprap that exists at the toe of the dam. Detai ls of
the proposed alteration to the sedimentation pond primary spi l lway
are provided on P1ates 7-6 and 7-6A.

Results of inf low and outf low analyses from the 2i-year,
24-hour storm using sEDrMor"rr are presented in Appendix 7-4. rt
should be noted that the sedimentology option of SEDIMOT II was
used during design only to pernit rout,ing of the hydrograph through
the pond. However, since sediment contributions from the 25-year,
24-hour event are not of concern in design of the pond (on1y
sediment yield from the Lo-year, 24-hour and smaller storms is of
regurat'ory concern), the sediment, inputs to the moder were
suppressed. Thus, the output frorn the program indicates sediment
concentrations of O mil l igrams per l i ter. Selected other outputs
contained in Appendix 7-4 associated with sediment yield -re,
therefore,  a lso meaningless.

It should also be noted that, although detention times shown
on the output in Appendix 7-4 are rerativery low (0.1-5 hour), these
t imes have no regulatory meaning for  a  25-year  event  ( i .e . ,
regulatory concerns address only the Lo-year and smaller events).
Again, the program was used primari ly for i ts spi l lway-design
capabil i t ies and not for dealing with the specif ics of sediment
yield and detention t imes from the 25-year design event.

Uti l izing the combined hydraulics of the prirnary and proposed
emergency spilrways, the peak outf low stage during the 25-year,
24-hour storm was calculated by SEDIMOT II as 6.0 feet above the
sediment storag"e level. Thusf tne outf low elevation during the
design f low event was determined to be 7783.L feet. The hyd.rlul ic
effects of the primary spif lway modif ication are diseussed in
Appendix 7-4. The effectiveness of energy dissipation of the
discharge from the barrel of the spil lway €o the creek are also
presented in Appendix Z-4.

The indicated outflow elevation during the design flow event
(elevation 7783.L feet) is rower than that of the proposed
emergency spillway, indicating that water wiII not pass through the
emergency spil lway under design condit ions. Nonethelessr dD
emergency spil lway was instal led at the request of the U.S. Forest
Service to provide a factor of safety and a bypass for water during
events larger than those for which the pond was designed.
conservatively, the emergency spilrway crest was praced at an
elevat ion of  izeq.o.  as desig-neaj  tn is  lp i l tway has i  uot tom width
o f  4 .0  fee t  and  s ide  s lopes  o f  2h :1 ,v .
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As noted on Plate 7-4, the emergency spil lway wil l  discharge
onto the boulder-covered slope adjacent to the sedimentation pond.
Boulders that, cover this slope were blasted from the cut above the
pond during construction of the mine-access road. Due to the large
size of the boulders, Iaboratory size-fraction analyses could not
be conducted. However, the boulders are visually estimated to
range in size up to at least L0 feet in diameter. I t  is further
estimated that approximately 80 percent of the coarse rock on the
slope is f iner than 8 feet in diameter, 30 percent is f iner than
5 feet in diameter, and i-O percent is finer than 3 feet in
diameter.

The blasted rock has an approximate thickness of 15 to 20 feet
at the top of the slope and 5 to 6 feet at the bott,om of the slope.
The soil  that underl ies the rock is a si l ty sand. Size-
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f r ac t i on  ana l yses  p resen ted  by  De I t a  Geo techn i ca l  Consu l i an t s
(1982 )  i nd i ca te  t ha t  t h i s  so i l  i s  70  pe rcen t  sand  and  30  pe rcen t
s i l t  and  c l ay  ( t he  l a t t e r  be ing  m inus  200  mesh ) .

The  emergency  sp i l lway  i s  l i ned  w i t h  r i p rap  and  a  f  i . 1 t e r
b l anke t  as  no ted  i n  Append i x  7 -4  t o  r educe  e ros ion  po ten t i a l .
G rad ing  o f  t he  r i p rap ,  f i l t e r  b l anke t ,  and  embank rnen t  ma te r i a l s
a re  shown  i n  F iqu re  7 -L7 .  Des ign  o f  t h i s  f i l t e r  b l anke t  i s
p resen ted  i n  Append i x  7 -4 .  The  sp i l lway  w i l l  d i s cha rge  d i r ec t l y
on to  t he  bou lde r - cove red  s l ope .  Due  t o  t he  ex t reme  th i ckness  o f
t he  bou lde rs  and  cobb les  on  t he  s1ope ,  add i t i ona r  e ros ion
p ro tec t i - on  be low  the  emergency -sp i r lway  ou t f r ow  w i t l  no t  be
requ i red .

S ince  t he  emergency  sp i l lway  w i l l  no t  be  f l ow ing  du r i ng  t he
des ign  even t ,  UMC 8L7 .46 ( j )  r equ i res  on l y  t ha t  t he  t op  o f  t he
se t t l ed  embankmen t  be  1 .0  f oo t  above  t he  c res t  o f  t he  emerEency
sp i l lway .  Th i s  w i l l  r esu l t  i n  an  embankmen t  c res t  e l eva t i on  o f
7785 .0  f ee t .  The  c res t  o f  t he  ex i s t i ng  embankmen t  was  a t  an
e leva t i on  o f  7783 .0  f ee t ,  t he  des ign  requ i red  t he  add i t i on  o f  2 .0
fee t  o f  se t t l ed  embankmen t  t o  t he  t op  o f  t he  ex i s t - i ng  embank iaen t .
No  add i t i ona l  ma te r i a l  w i l l  be  added  t o  accoun t  f o r  se t t l enen t
s i nce  (a )  t he  embankmen t  i s  be ing  ra i sed  0 .4  f ee t  mo re  t han
regu i red  and  (b )  t he  ex i s t i nq  embankmen t  i s  assumed  to  have
se t t l ed  p rev ious l y .

W i th  a  c res t  e l eva t i on  o f  7785 .0  f ee t  and  a  base  e l eva t i on
o f  777 I . 0  f ee t  a t  t he  ups t ream toe ,  t he  embankmen t  has  a  he igh t
o f  14 .0  f ee t .  Us ing  t he  egua t i on  p rov ided  i - n  UMC 817 .46 (7 ) ,  t he
regu i red  t op  w id th  o f  t he  embankmen t  i s  9 .8  f ee t .  An  ac tua i  t op
w id th  o f  10 .0  f ee t  was  cons t ruc ted .

The  ex i s t i ng  pond  was  en la rged  t o  mee t  t he  vc l ume
requ i remen ts  o f  t h i s  p l an  by  remov ing  excess  f i l l  f r on  t he
in te r i o r  o f  t he  pond .  I n  add i t i on r  t he  uppe r  I 2  f ee t  o f  t he
ex te r i o r  o f  t he  ex i s t i ng  embankmen t  was  recon tou red  t o  a  s l ope  o f
2h : l v .  P r i o r  t o  r econ tou r i ng  t he  ex te r i o r  s l ope ,  a l l  l a rge  rock
f ragmen ts  were  removed .

A11  new  f i l f  r equ i red  t o  r a i se  t he  embankmen t  $ /as  p l aced  i n
6 - i nch  I i f t s .  Th i s  new  f i l l  r das  compac ted  i n  p l ace  by  repea ted
passes  o f  a  f r on t . - end  l - oade r  o r  equ i va len t  p r i o r  t o  p l ac i nc  t he
nex t  1 i f t .  Compac t i on  con t i nued  un t i l  t he  dens i t y  o f  t he
ma te r i a l  was  a t  l eas t  90  pe rcen t  o f  P roc to r  dens i t y  ( as
de te rm ined  by  sand -cone  dens i t y  t es t s  i n  t he  f i e l d ) .

Because  o f  t he  l oca t i on  o f  t he  sed imen ta t i on  pond  on  a
h i l l s i de  be tween  t he  access  road  and  C randa l l  C reek ,  i nsu f f i c i en t
space  was  ava i l ab le  t o  pe rm i t  cons t ruc t i on  o f  s i de  s l opes  w i t h  a
comb ined  ups t ream and  downs t ream s lope  o f  5h : l v  and  s t i l - l  p rov i de
the  requ i red  s to rage  capac i t y .  Hence ,  t he  pond  has  been  des igned
w i t h  2h : l v  s i de  s l opes  on  bo th  t he  ups t ream and  downs t ream s ides .
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As  i nc l uded  i n  t he  o r i g i na l  des ign ,  t he  i n te r i o r  o f  t he  pond
was  l i ned  w i t h  a  12 - i nch  t h i ck  l oca1 ,  compac ted  c l ay  t o  r educe
seepage  f r om the  pond  and ,  t he reby ,  i nc rease  t he  s tab i l i t y  o f  t he
embankmen t .  The  c l ay  l i ne r  was  p l aced  i n  6 - i nch  t i f t s  and
compac ted  du r i ng  p l acemen t  by  a t  l eas t  f ou r  passes  o f  a  f r on t -end
Ioade r  o r  equ i va len t .  The  i n i t i a l  l a ye r  was  d i sk -ha r rowed  i n to
the  bo t t om o f  t he  pond  p r i o r  t o  compac t i on .

A f t e r  pond  c l eanou t ,  t he  t h i ckness  o f  t he  c l ay  l i ne r  w i l l  be
samp led  by  means  o f  a  bucke t  auge r  a t  I  l o ca t i ons .  Th ree  ho les
w i l l  be  p l aced  a l ong  t he  i ng ress /eg ress  rou te  and  f i ve  add i t i ona l
ho les  w i l l  be  randomly  se lec ted  f r om the  rema in i ng  pond  a rea .  I f
any  o f  t he  ho les  pene t ra te  r ess  t han  l 0  i nches  o f  c ray ,
add i t i ona l -  c l ay  w i l l  be  compac ted  i n to  t he  de f i c i en t  a reas  o f  t he
pond .

A1 I  ne$ t  cons t ruc t i on  on  t he  rev i sed  sed imen ta t i on  pond  was
supe rv i sed  by  a  P ro fess iona l  Eng inee r  who  i s  l i censed  i n  t he
S ta te  o f  U tah .  An  i n i t i a l  ce r t i f i ca t i on  repo r t  r ^ / as  p repa red  and
ce r t i f i ed  by  t he  supe rv i so ry  PE  fo r  subm iss ion  t o  DOGM fo l l ow ing
comp le t i on  o f  cons t ruc t i on  ac t i v i t i e s ,  P la te  7 -4a  shows  as -bu i I t
d raw ings  o f  t he  pond  and  r i se r  de ta i l .  P l a te  7 -6a  shows  as -bu i l t
c ross  sec t i ons  t h rough  t he  pond .  Append i x  7 -10  con ta i ns  as -bu i l t
ca l cu la t i ons  f o r  t he  sed imen ta t i on  pond  and  t he  i n i t i a l
ce r t i f i ca t i on  repo r t .  The  i n i t i a l  ce r t i f i ca t i on  repo r t
p rev ious l y  subm i t t ed  t o  DocM i nc l uded :

Ex i s t i ng  and
ins t rumen ta t i on

requ i red  mon i t o r i ng  p rocedu res  and

The  des ign  dep th  and  e l eva t i on  o f  any  impounded  wa te rs  a t
t he  t ime  o f  t he  repo r t

Ex i s t i ng  s to rage  capac i t y  o f  t he  dam o r  embankmen t

A  d i scuss ion  o f  any  f i r es  occu r r i ng  i n  t he  cons t ruc t i on
ma te r i a l  up  t o  t he  da te  o f  ce r t i f i ca t i on

o  A  d i scuss ion  o f  any  o the r  aspec t s  o f  t he  dam o r  embankmen t
a f f ec t i ng  s tab i l i t y

F low  cond i t i ons  i n  C randa l l  C reek  ad jacen t  t o  t he  sed imen ta -
t i on  pond  we re  exam ined  t o  de te rm ine  i f  f l ood  f l ows  may  e rode  t he
downs t ream toe  ( see  Append i x  7 -5 ) .  As  no ted ,  t he  peak  f l ow  f r om
the  100 -yea r ,  24 -hou r  p rec ip i t a t i on  even t  w i I I  enc roach  0 .6  f oo t
above  t he  t oe  o f  t he  embankmen t .  Thus ,  a  r i p rap  p ro tec t i ve  l aye r
(w i t h  a  med ian  rock  d i ame te r  o f  \ 2 . 5  i nches )  was  p l aced  a l ong  t he
lowe r  2 .  0  f ee  t  o  f  t he  emban  kmen  t  as  shown  i n  p l a te  i - 4 .
P lacemen t  o f  t h i s  r i p rap  w i l l  se r ve  an  i nc i den ta l  pu rpose  o f
i nc reas ing  t he  s tab i l i t y  o f  t he  dam by  p l ac i ng  add i t i ona l  we i . gh t
on  t he  downs t ream toe .
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A l though  t he  p resence  o f  t he  sed imen ta t i on -pond  dam ad jacen t
t o  C randa I I  C reek  may  s I i . gh t l y  a l  t e r  f  l ow  cond  i t i ons  i n  t he
s t ream,  t he  p l acemen t  o f  e ros ion -p ro tec t i on  f ea tu res  on  t he  s teep
s t ream bank  ac ross  f r om the  pond  i s  no t  cons ide red  j us t i f i ed  f o r
two  reasons .  F i r s t ,  p l acemen t  o f  e ros ion -p ro tec t i on  f ea tu res  on
the  bank  ac ross  f r om the  pond  w i l l  l i ke l y  cause  more  d i s t u rbance
than  i t  w i l I  p reven t  due  t o  t he  s teepness  o f  t he  bank .  Second ,
as  no ted  i n  Append i x  7 -5 ,  t he  peak  f l ow  even t  f o r  wh i ch  t he
ana l ys i s  was  conduc ted  has  an  es t ima ted  re tu rn  pe r i od  i n  excess
o f  10 r  000  yea rs  ( due  t o  t he  conse rva t i veness  o f  t he  s to rm
d i s t r i bu t i on  used  i n  t he  ana l ys i s ) ,  i nd i ca t i ng  t he  remo teness  o f
t he  poss ib i l i t y  t ha t  t he  s t r eam m igh t  ove r t op  i t s  banks  and
imp inge  on  t he  dam.

As  a  resu l t ,  wh i l e  t he  pond  i s  i n  ope ra t i on ,  t he  s t r eam bank
ac ross  f r om the  pond  w i l l  be  i nspec ted  each  t ime  t he  p i ezome te r
t h rough  t he  dam i s  mon i t o red  ( see  Sec t i on  7 .2 .6 ) .  I f  e ros i on
occu rs  on  t he  oppos i t e  s t r eam bank  due  t o  t he  p resence  o f  t he
pond  '  a  r epa i r  p l an  w i l l  be  p repa red  and  imp lemen ted  i n
consu l t a t i on  w i t h  DOGM.

An  ana l ys i s  was  conduc ted  o f  t he  pond  t o  de te rm ine  t he
s tab i l i t y  o f  t he  dam unde r  se lec ted  cond i t i ons .  C ross  sec t i ons
used  f o r  t he  ana l ys i s  a re  shown  on  P la te  7 -4 ,  as  a re  l oca t i ons
whe re  She lby - t ube  so i l  samp les  we re  co l l ec ted  f o r  l abo ra to r y
ana l yses  t o  de te rm ine  l oca l  so i l  p rope r t i es .  Resu l t s  o f  t he
labo ra to r y  and  s tab i l i t y  ana l yses  a re  p resen ted  i n  Append i x  7 -6
and  sun rmar i zed  i n  Tab le  7 -7 .

The  requ i red  sa fe t y  f ac to r s  shown  i n  Tab le  7 -7  we re
deve loped  i n  consu l t a t i on  w i t h  DOGM in  a  mee t i ng  on  Ap r i L  2 ,1986
among  Randy  Ha rd in  and  R i ck  Summers  o f  DOGM,  And rew  C .  K ing  o f
Genwa l ,  and  R i cha rd  B .  Wh i t e  o f  Ea r thFax  Eng inee r i . g ,  I nc .  A
compar i son  o f  t he  requ i red  and  ac tua l  sa fe t y  f ac to r s  i nd i ca tes
tha t  t he  embankmen t  as  des igned  w i l l  be  s tab le .  I t  shou ld  be
no ted  t ha t  t hese  sa fe t y  f ac to r s  d i d  no t  i nc l ude  t he  bene f i t s  due
to  i ns ta l l a t i on  o f  t he  r i p rap  on  t he  dam toe  as  d i scussed  above .

Fo l l ow ing  cons t ruc t i on  o f  t he  sed imen ta t i on  pond  as  des igned
he re in ,  a l l  d i s t u rbed  a reas  assoc ia ted  w i t h  pond  cons t ruc t i on
(w i t h  t he  excep t i on  o f  t he  i nLe r i o r  o f  t he  pond )  we re  revege ta ted
w i t . h  t he  seed  m ix tu re  no ted  i n  Sec t i on  3 .5 .5 .2  o f  t h i s  PAP .  Th i s
m ix tu re  was  deve loped  i n  consu l t a t i on  w i t h  Lynn  Kunz1e r  o f  t he
D iv i s i on  and  Wa l t  Nowak  o f  t he  U .S .  Fo res t  Se rv i ce .  Th i s  m i x tu re
p rov ides  rap id  g row th  spec ies ,  sod - f o rm ing  spec ies ,  and  spec ies
tha t  a re  compa t i b l e  w i t h  o the r  p l an t s .

Seed ing  $ ras  done  i n  t he  l a te  f a l l  o f  1986 ,  j us t  p r i o r  t o  t he
f i r s t  heavy  snow fa l l  o f  t he  yea r  (P lummer  e t  a1 . ,  1968 ) .  Seed inq
was  accomp l i shed  by  b roadcas t i ng  w i t h  a  cyc l one  seede r .  Mu l ch
was  p l aced  a f t e r  seed ing .  The  mu1ch ,  wh i ch  cons i s ted  o f  two  t ons
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r a D I e  I -  t . Summary  o f  s l ope  s tab i l i t y  ana l yses .

C ross
sec t i on (a )

Cond  i  t  i on
M in imum
Sa fe  t y
Fac to r

Regu  i  r ed
Sa  f e  t y
Fac to r

A - A  I

B - B  I

c-c '

Unsa tu ra ted ,  s t a t i c
Unsa tu ra ted ,  se i sm ic
Sa tu ra ted ,  s t a t i c

Unsa tu ra ted ,  s t a t i c
Unsa tu ra ted ,  se i sm ic
Sa tu ra ted ,  s t a t i c

Unsa tu ra ted ,  s t a t i c
Unsa tu ra ted ,  se i sm ic
Sa tu ra ted ,  s t a t i c

2.  20
L .76
1 .19

2 .  00
1 .  56
1 .  0B

2.  23
I .67
1 ,38

1.  s0
1 .10
1 .  00

1 .  50
1 .10
1 .  00

l .  50
1 .10
1 .  00

( a ) S e e  p l a t e  7 - 4
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o f  s t r aw  o r  g rass  hay  pe r  ac re  o f  d i s t u rbed  a rea ,  was  sp read  ove r
the  a rea  t o  be  p l an ted  and  c r imped  i n to  t he  so i l  w i t h  a  r o to -
t i l l e r  o r  shove l  t o  a i d  i n  mo i s tu re  re ten t i on  (U .S .  So i l
Conse rva t i on  Se rv i ce ,  1975 ) .

Fo l l ow ing  seed ing ,  t he  revege ta ted  ou t s l opes  o f  t he  pond
were  i nspec ted  du r i ng  no rma l  pond  i nspec t i ons  t o  de te rm ine  t he
e f f ec t i veness  o f  t he  seed ing .  As  o f  Fa l1  1987 r  t he  revege ta t i on
e f f o r t  appea rs  t o  have  been  success fu l  on  t he  ou t s l opes  o f  t he
pond .  S t raw-ba Ie  d i kes  we re  added  as  necessa ry  t o  con t ro l
excess i ve  gu l l y i ng  on  t he  dam face .  These  d i kes  v re re  i ns ta l l ed
as  no ted  by  F igu re  7 - I 8 .

I n  add i t i on  t o  r evege ta t i ng  t he  ou t s l ope  o f  t he  pond  w i t h
the  g rass  seed  m ix  no ted  i n  Sec t i on  3 .5 .5 .2 ,  cons ide ra t i on  was
g i ven  t o  p l an t i ng  ph rea tophy tes  i nd igenous  t o  t he  r i pa r i an
commun i t y  o f  C randa l l  C reek .  Howeve r ,  t he  dec i s i on  was  made  t o
no t  p l an t  r i pa r i an  vege ta t i on  f o r  t he  f o l l ow ing  reasonss

o The  p resence  o f
encou rages  roden t
o f  t he  dam.

Because  t he  roo t s
those  o f  g rasses ,
cause  s i gn i f i can t

deep - roo ted  r i pa r i an  vege ta t i on  o f t en
bu r row ing ,  t he reby  reduc ing  t he  s tab i l i t y

o f  ph rea tophy tes  a re  gene ra l l y  l a rge r  t han
roo t s  o f  t hose  r i pa r i an  p l an t s  t ha t  d i e

weaken ing  o f  t he  dam upon  decay .

UMC 817 .46 (s )  r equ i res  t ha t  i n t e r im  revege ta t i on  o f  t he  pond
embankmen t  be  conduc ted  t o  s tab i l i ze  t he  embankmen t  "w i t h
respec t  t o  e ros ion " .  The  p l an  p roposed  above  (p l an t i ng  w i t h
g rass  spec ies  and  i ns ta l l a t i on  o f  s t r aw-ba le  d i kes  as
necessa ry )  w  i l l  m  j . n im i  ze  e ros  i on  o f  t he  f  ace  o f  t he  dam d  ue
to  ove r l and  f l ow .  E ros ion  o f  t he  t oe  o f  t he  dam due  t o
f l ood  f l ows  i n  C randa l l  C reek  w i l - 1  be  m in im i zed  w i t h  t he
add i t i on  o f  a  l aye r  o f  r i p rap  a l ong  t he  t oe  as  a l so  ou t l i ned
above

Sma l l - a rea  exemp t i ons  a re  reques ted  f o r  t he  seven  a reas
shown  on  P la te  7 -5  and  F igu re  7 -18a .  SAE- I  (w i t . h  a  su r f ace  a rea
o f  0 .02  ac re )  i s  t he  ou t s l ope  o f  t he  access  road  t o  t he
admin i s t r a t i on  pad  a t  t he  wes te rn  end  o f  t he  su r f ace  f ac i l i t i e s
as  we l l  as  t o  p roposed  U .S .  Fo res t  Se rv i ce  f ac i l i t i e s  t o  be
loca ted  ups t ream f rom the  m ine  f ac i l i t i e s .  Runo f f  f r om th i s  a rea
canno t  f eas ib l y  d ra i n  t o  t he  sed imen ta t i on  pond  w i t hou t  excess i ve
d i s tu rbances  ad jacen t  t o  C randa l l  C reek .

Runo f f  w i l l  occu r  f r om SAE- I  as  shee t  f l ow  t owa rd  C randa l l
C reek .  The  a rea  was  rec l a imed  as  ou t l i ned  i n  Sec t i on  3 .5  f o r
con temporaneous  rec l ama t i on .  Rec lama t i on  commenced  du r i ng  t he
au tumn  19B6  immed ia te l y  f o l l ow ing  comp le t i on  o f  cons t ruc t i on
assoc ia ted  w i t h  t he  a rea .  Ma inLenance  o f  t he  revege ta t i on  e f f o r t
w i l l  occu r  as  ou t l i ned  i n  Sec t i on  3 .5 .  Immed ia te l y  f o l l ow ing
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Embedd ing  de ta i l

Angle first stake toward
previously laid bale -1,

Anchor ing  de ta i l

F i g u r e  7 - L 8 .  T y p i c a l  s t r a w - b a l e  d i k e .

Wire or  ny lon
bound bales

placed on the

contour

2 re-bars. steel Pickets. or
2" x 2" stakes 1 112' to 2'

i n  o round
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r evege ta t i on ,  a  s t r aw-ba le  d i ke  was  i ns ta l l ed  a l ong  t he  en t i r e
toe  o f  SAE-1  t o  con t ro l  sed imen t  y i e l ds  f r om the  a rea  p r i o r  t o
e f f ec t i ve  es tab l i shmen t  o f  t he  vege ta t i on .  Th i s  has  s i nce  been
rep laced  w i t h  a  s i l t  f ence  i n  a reas  whe re  t he  w id th  o f  t he
revege ta t -ed  sec t  i on  i s  l ess  t han  5  f  ee t  .

Ca l cu la t i ons  requ i red  t o  de te rm ine  t he  e f f ec t i veness  o f  t he
vege ta t i on  i n  con t ro l l i nq  sed imen t  y i e l d  f r om SAE-1  a re  con ta i ned
in  Append i x  7 -9 .  Acco rd ing  t o  t hese  ca l cu la t i ons ,  w i t h  t - he  l owe r
f i ve  f ee t  o f  t he  rec l a i r ned  a rea  ac t i ng  as  a  g rass  f i l t e r ,  t he
peak  suspended  sed imen t  concen t ra t i on  y i e l ded  by  SAE-1  du r i ng  t he
10 -yea r ,  24 -hou r  s to rm  i s  12  rn i l l i g rams  pe r  l i t e r .  Th i s  va lue  i s
I ess  t han  t he  e f f l uen t  concen t ra t i on  f o r  t o ta l  suspended  so l i ds
regu i red  by  UMC 8 I7 .42 .

SAE-2  ( cons i s t i ng  o f  0 .34  ac re )  ex i s t s  a t  t he  no r t hwes t
co rne r  o f  t he  s i t e .  Th i s  a rea  was  i n i t i a t l y  cons t ruc ted  as  a
subs ta t i on  pad  and  assoc ia ted  access  road .  Because  t he
subs ta t i on  has  no t  been  i ns ta l l ed  and  may  no t  be  i ns ta l l ed  i n  t he
fu tu re ,  SAE-2  w i l l  be  rec l a imed .  O f  t he  t o ta l  a rea ,  0 .15  ac re
rece i ved  f i na l  r ec l ama t i on  t r ea tmen t  and  0 .19  ac re  rece i ved
con temporaneous  rec l ama t i on  t r ea tmen t  ( see  Sec t i on  3 .5  and  P la te
7 -5 ) .  An  add i t i ona l  a rea  o f  0 .90  ac re  o f  und i s tu rbed  a rea  d ra i ns
on to  SAE-2  f rom above .

S i t e  d ra i nage  cou ld  be  cons t ruc ted  t o  cause  t h i s  a rea  t o
d ra in  t o  t he  sed imen ta t i on  pond .  Howeve r ,  en la rgemen t  o f  t he
pond  t o  accep t  r uno f f  f r om th i s  a rea  wou ld  be  f eas ib l e  on l y  i f  a
cu l ve r t  was  i ns ta l l ed  i n  C randa l l  C reek .  The  resu l t i ng  damage  t o
Cranda l I  C reek  ( i . e . ,  r emova l  o f  r i pa r i an  vege ta t i on ,  a l t e ra t i on
o f  t he  channe l  c ross  sec t i on ,  e t c . )  f o r  t he  so le  pu rpose  o f
sed imen t  con t ro l  i s  no t  cons ide red  j us t i f i ab l e .

SAE-2  was  rec l a imed  ( con temporaneous  and  f i na l )  as  ou t l i ned
in  Sec t i on  3 .5 .  A  sed imen t  t r ap  was  i ns ta l l ed  a t  t he  downs t ream
end  o f  t h i s  a rea  t o  con t ro l  sed imen t  y i e Id .  Th i s  t r ap  u t i l i zes
the  max imum space  ava i l ab le  and  has  a  su r f ace  a rea  o f  150  squa re
fee t  (  f 0  f ee t  by  15  f ee t ) .  A  12 - i nch  CMp  cu l ve r t  was  i ns ta l l ed
to  ac t  as  a  sp i l lway .  Th i s  cu l ve r t  d i scha rges  i n to  UD-1 .
De ta i l s  o f  t he  des ign  o f  t he  sed imen t  t r ap  a re  con ta i ned  i n
Append i x  7 -9 .

The  e f f ec t i veness  o f  t he  sed imen t  t r ap  was  mode led  us ing
SEDIMOT I I .  Resu l t s  o f  t hese  ana l yses  a re  con ta i ned  i n  Append i x
7 ' 9 .  Acco rd ing  t o  t h i s  i n f o rma t i on ,  t he  peak  e f f l uen t
concen t ra t i on  o f  suspended  sed imen t  f r om the  t r ap  w i l l  be  2898
mi l l i g rams  pe r  l i t e r .  A l t hough  t h i s  concen t ra t i on  i s  g rea te r
t han  t he  s tanda rd  con ta i ned  i n  UMC 8 I7 .42 ,  i t  i s  s i gn i f i can t l y
l ess  t han  t he  i n f l uen t  suspended  sed imen t  concen t ra t i on  f r om the
und i s tu rbed  a rea  t ha t  d ra i ns  t o  t he  t r ap  (L7 ,320  m i l l i g rams  pe r
l i t e r ) .  Thus  t he  ne t  e f f ec t  i s  t o  dec rease  suspended  sed imen t
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concen t ra t i ons  f r om the  a rea  be low  tha t  wh i ch  wou ld  na tu ra l l y
occu r .

As  an  op t i on  f o r  f u r t he r  r educ ing  e f f l uen t  sed imen t
concen t ra t i ons r  t he  poss ib i l i t . y  o f  add ing  s i l t  f ences  t o  t he
sed imen t  t r ap  was  exam ined .  Add ing  s i l t  f ences  t o  ac t  as  ba f f l es
w i t h i n  t he  t r ap  ( t hus  i nc reas ing  t he  f l ow  pa th  and  dec reas ing  t he
dead  space  i n  t he  t r ap )  d i d  no t  s i gn i f i can t l y  r educe  t he  peak
e f f l uen t  concen t ra t i on .  Add ing  s i l t - f ence  ma te r i a l  t o  t he  i n l e t
o f  t he  ou t f l ow  cu l ve r t  wou ld  i nc rease  de ten t i on  t ime  i n  t he  t r ap
bu t  wou ld  s i gn i f i can t l y  r educe  t he  hyd rau l i c  e f f ec t i veness  o f  t he
sp i l lway ,  t hus  i nc reas ing  t he  po ten t i a l  f o r  ove r t opp ing  o f  t he
t rap  and  subsequen t  downs t ream e ros ion .  Thus ,  t he  sed imen t  t r ap
as  des igned  was  cons ide red  t o  be  t he  bes t  op t i on  f o r  con t ro l  o f
SAE-2 .

SAE-3  cons i s t s  o f  a  sma l l  a rea  (0 .32  ac re )  on  t he  sou th  s i de
o f  t he  U .S .  Fo res t  Se rv i ce  access  road  t ha t  has  se rved  i n  t he
pas t  as  t he  ma te r i a l s  s t o rage /o f f i ce  pad ,  The  no r t he rn  po r t i on
o f  t h i s  a rea  was  rec l a imed  us ing  f i na l  r ec l ama t i on  t echn iques
ou t l i ned  i n  Sec t i on  3 .5  ( see  P1a te  7 -5 ) .  A  be rm  o f  bou lde rs  v tas
p laced  be tween  SAE-3  and  t he  road  t o  p reven t  access  t o  t he
rec la imed  a rea .  A  s t r aw-ba le  d i ke  (F igu re  7 -18 )  was  i ns ta l l ed
a long  t he  sou the rn  po r t i on  o f  t he  rec l a imed  a rea  t o  se rve  as  a
sed imen t - con t ro l  dev i ce  p r i o r  t o  e f f ec t i ve  revege ta t i on .

The  sou the rn  po r t i on  o f  SAE-3  cons i s t s  o f  bou lde rs  p i l ed
aga ins t  t he  ou t s l ope  o f  t he  pad .  These  bou lde rs  we re  b l as ted
f rom Lhe  s i t e  h i gh  wa11  du r i ng  i n i t i a l  cons t ruc t i on .  Due  t o
po ten t i a l  s t ab i l i t y  p rob lems  t ha t  m igh t  be  c rea ted  by  remova l  and
the  d i f f i cu l t y  o f  r emov ing  t hese  bou lde rs  f r om the  ou t s l ope ,  t h i s
s l ope  w i l l  r ema in  un rec la imed .

The  e f f ec t i veness  o f  t he  rec l ama t i on  ac t i v i t i e s  was  mode led
us ing  SEDIMOT I I .  Resu l t s  o f  t hese  ca l cu la t i ons  a re  con ta i ned  i n
Append i x  7 -9 .  Acco rd ing  t o  t h i s  append i x ,  t he  peak  e f f l uen t
suspended  sed imen t  concen t ra t i on  f r om SAE-3  du r i ng  t he  10 -yea r '
24 -hou r  s to rm  i s  2  m i l l i g rams  pe r  l i t e r .  Th i s  concen t ra t i on  i s
w i t h i n  t he  s tanda rds  es tab l i shed  by  UMC 8J -7 .42 .

SAE-4  cons i s t s  o f  a  0 .14 -ac re  a rea  on  t he  ou t s l ope  ( sou th
s ide )  o f  t he  U .S .  Fo res t  Se rv i ce  road  be tween  SAE- I  and  SAE-3 .
Pe r i od i c  g rad ing  and  ma in tenance  o f  t he  access  road  resu l t s  i n
f r esh  so i l  occas iona l l y  be ing  depos i t ed  on  t he  ou t s l ope ,  l im i t i ng
the  po ten t i a l  f o r  t he  ou t s l opes  t o  t he  con temporaeous l y
rec la imed .  Thus ,  because  t he  a rea  does  no t  r epo r t  t o  t he
sed imen ta t i on  pond ,  a l t e rna te  sed imen t  con t ro l  w i I l  be  p rov ided .

Sed imen ta t i on  con t ro l  i n  SAE-4  w i  t 1  be  p rov  i ded  by
ins ta l l i ng  a  s i l t  f ence  a l ong  t he  en t i r e  l eng th  o f  t he  t oe  o f  t he
road  ou t s l ope .  The  s i l t  f ence  w i l l  be  i ns ta l l ed  i n  acco rdance
w i t h  F igu re  7 -18b .  The  s i l t  f ence  w i l l  be  pe r i od i ca l l y  i nspec ted
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6 'TFENCH AT FENCE BASE

F i g u r e  7 - 1 6 b . .  T y p i c a l  s i l t  f e n c e  i n s t a l l a t i o n .
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and  repa i red  as
ma in ta i ned .

requ i red  t o  ensu re  Lha t  i t s  i n t eg r i t y I S

SAE-5 ,  SAE-6 ,  and  SAE-7  cons i s t  o f  t he  t opso i l  s t ockp i l es
tha t  a re  l oca ted  on  t he  sou th  s i de  o f  t he  access  road  eas t  o f  t he
m ine  s i t e  i n  t he  a reas  i nd i ca ted  i n  F i gu re  7 - IBa .  SAE-6  and  SAE-
7  a l so  i nc l ude  sma l l  g rave l  s t ockp i l es  used  f o r  ma in tenance  o f
t he  access  road .  D i s tu rbed  a reas  assoc ia ted  w i t h  t he  t opso i l /
g rave l  sma I l - a rea  exemp t i ons  a re  0 .20  ac re ,  0 .22  ac re ,  and  0 .62
ac re  f o r  SAE-5 ,  SAE-6 ,  and  SAE-7 ,  r espec t i ve l y .

Sed imen ta t i on  con t ro l  f o r  SAE-5 ,  SAE-6 ,  and  SAE-7  w i l l  be
p rov ided  by  i ns ta l l i ng  s t r aw-ba le  d i kes  a round  t he  pe r ime te r  o f
each  d i s t u rbed  a rea .  These  d i kes  w i l l  be  i ns ta l l ed  i n  acco rdance
w i t h  F igu re  7 -18 .  The  d i kes  w i l l  be  pe r i od i ca l l y  i nspec ted  and
repa  i r ed  as  requ i red  t o  ensu re  t ha t  t he  i r  i n t eg r  i t y  i  s
ma in ta i ned .

A  d i ve rs i on  (UD- l )  was  p l aced  a l ong  t he  wes te rn  edge  o f  t he
s i t e  a t  t he  l oca t i on  shown  on  P la te  7 -5  t o  d i ve r t  wa te r  f r om a
95 -ac re  und i s tu rbed  wa te rshed  a round  t he  ya rd  a rea .  Ana l yses  and
des ign  i n fo rma t i on  assoc ia ted  w i t h  t h i s  and  o the r  d i ve rs i ons
assoc ia ted  w i t h  t he  s i t e  a re  con ta i ned  i n  Append i x  7 -7 .

The  d i ve rs i on  was  des igned  t o  sa fe l y  pass  t he  peak  f l ow  f r om
the  25 -yea r ,  24 -hou r  p rec ip i t a t i on  even t .  The  resu l t i ng  peak
f l ow  f r om th i s  even t  ( as  no ted  i n  Append i x  7 -7 )  was  de te rm ined  t o
be  47 .7  cub i c  f ee t  pe r  second .  Th i s  d i ve rs i on  i s  des igned  as  a
42 - i nch  f u l l - r ound  CMP.  The  d i ve rs i on  d i scha rges  on to  na tu ra l
bou lde rs  and  wa te r  ( du r i ng  h i gh  f l ow  o f  C randa l l  C reek )  a f t e r
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pass ing  benea th  t he  u . s .  Fo res t  se rv i ce  road  t o  a i d  i n  ene rgy
d i ss i pa t i on .  De ta i l s  o f  t he  des ign  a re  con ta i ned  i n  Append i x  7 -
7 .

Two  add i t i ona l  d i ve rs i ons  we re  des igned  t o  convey  wa te r  f r om
und i s tu rbed  a reas  away  f r om the  d i s t u rbed  s i t e .  One  (UD-2 )  was
cons t ruc ted  i n  t he  no r t hwes t  po r t i on  o f  t he  s i t e  a l ong  t he
p roposed  subs ta t i on  pad .  The  o the r  was  cons t ruc ted  i n  t he
no r theas te rn  po r t i on  o f  t he  s i t e  t o  convey  wa te r  away  f r on  t he
po r ta l -  a rea .  De ta i l s  o f  d i ve rs i on  des ign  a re  p resen tec  i n
Append i x  7 -7 .  Bo th  o f  t hese  d i ve rs i ons  r . r e re  des igned  t o  sa fe l y
pass  t he  peak  f l ow  resu l t i ng  f r om the  25 -yea r ,  24 -hou r  s to rm .

Ex  i s t  i ng  and  p roposed  cu l ve r t s  i n  t he  m ine  ya rd  v /e re
exam ined  t o  de te rm ine  Lhe i r  adequacy  w i t h  r espec t  t o  pass ing  t he
peak  f l ow  f r om the  10 -yea r ,  24 -hou r  p rec ip i t a t i on  even t .  De t . a i l s
o f  t hese  des igns  a re  p rov ided  i n  Append i x  7 -7 .

S im i l a r l y ,  d i t ches  w i t h i n  t he  d i s t u rbed  a rea  we re  des i - gned
to  pass  t he  peak  f l ow  f r om the  10 -yea r ,  24 -hou r  s to rm .  Typ i ca l
c ross  sec t i ons  and  des ign  ca l cu la t i ons  a re  con ta i ned  i n  Append i x
7 -7  f o r  t hese  d i t ches .

A  be rm  was  p l aced  a round  t he  p roposed  power  subs ta t i cn  t o
p reven t  r uno f f  v t a te r  t ha t  accumu la tes  t he reon  f r om f l ow ing  ac ross
the  rema inde r  o f  t he  s i t e .  A  sma l l  channe l  on  t he  subs ta t i on  pad
co l l ec t s  wa te r  f r om the  pad  and  ad jacen t  und i s tu rbed  a reas .  A
s t i l l i ng  bas in  was  p l aced  a t  t he  downs t ream end  o f  t h i s  d i ve rs i on
to  t r ap  sed imen t  p r i o r  t o  d i scha rg ing  i n to  uD- l  ( see  Append i x  7 -
? \

P la te  7 -5a  shows  as -bu i I t  su r f ace  runo f f  con t ro l s .  C ross
sec t i ons  no ted  on  P la te  7 -5a  a re  shown  on  P la te  - 7 -5b .  Appeno i x
7 -11  con ta i ns  as -bu i l t  ca l cu la t i ons  f o r  d i ve rs i ons  and  cu l ve r t s .
Wa te rshed  bounda r i es  used  i n  t he  as -bu i I t  ca l cu la t i ons  f o r
d i ve rs i ons  and  cu l ve r t s  a re  shown  on  p l a te  7 -5c .

7 .2 .4  EFFECTS OF  MIN ING ON SURFACE WATER

Runo f f -  and  sed imen t - con t ro l  f ac i l i t i e s  have  been  des igneC
fo r  t he  pe rm i t  a rea  su r f ace  f ac i l i t i e s  i n  acco rdance -a i t h
app l i cab le  DOGI ' I  r egu la t i ons .  Fac i l i t i e s  f o r  t he  pe rm i t  a rea 'we re
des igned  t o  sa fe l y  convey  and  con t ro l  r uno f f  f r om the  spec i f i ed
des ign  s to rm  even ts .  Thus r  s€d imen t  y i e l ds  due  t o  m in i ng
ope ra t  i ons  i n  t he  pe rm  i  t  a rea  w i  11  be  m  i n  im i  zed  by  t he
app rop r i a te  f ac i l  i t i e s .

The  ex i s t i ng  sed imen ta t i on  pond  has  been  recons t ruc ted
du r i ng  t he  l 9B6  cons t ruc t i on  season  i n  acco rdance  w j - t h  U I lC
817 .46 t  as  de ta i l ed  i n  t he  Runo f f  and  Sed imen t  con t ro l  P lan
loca ted  i n  Chap te r  7 .
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Underg round  sumps  w i t l  be  bu i l t  i n  o rde r  t o  e f f ec t i ve l y
t r ea t  unde rg round  wa te r  be fo re  d i scha rg ing  i n to  C randa l l  C reek ,
re fe r  t o  P la te  3 -7  f o r  sump  l oca t i on .  These  sumps  w i l l  be
des igned  and  subm i t t ed  t o  t he  EPA fo r  app rova l  be fo re  d i scha rge
beg  i ns .  A I I  d  i s cha rge  i n to  t he  c reek  w i l l  mee t  e f f l uen t
l im i t a t i ons  o f  t he  NPDES pe rm i t  and  mon i t o red  i n  acco rdance  w i t h
same ,  r e fe r  t o  I t em  3 -8 .

The  sed  imenL  pond  and  t he  unde rg round  sumps  a re  t he  on ry
wa te r  t r ea tmen t  f ac i l i t i e s  p roposed  a t  t he  m ine  s i t e .  A  NPDES
perm i t  has  been  i s sued  f o r  t he  sed imen t  pond  and  i s  i nc l uded  as
I t em 3 -8 .

Wa te r  i s  i n t e rm i t t en t l y  d i scha rged  f r om the  pe rm i t  a rea  i n to
c randa l l  c reek .  s i nce  t h i s  wa te r  i s  t r ea ted  i n  t he  pond  by
se t t l i ng  p r i o r  t o  d i scha rge ,  impac t s  t o  t he  gua l i t y  o f  su r f ace
wa te r  i n  t he  a rea  a re  m in im i zed .

Genwa l  has  h i s t o r i ca l l y  pumped  a  max imum o f  12 ,000  ga l l ons
pe r  day  f r om Cranda l l  C reek  f o r  unde rg round  use  when  i n -m ine
guan t i t i e s  a re  i nsu f f i c i en t  t o  suppo r t  unde rg round  ope ra t i ons .
Assum ing  a  240 -day  wo rk  yea r ,  t h i s  quan t i t y  equa l s  B .B  ac re - f ee t
pe r  yea r .  Genwa l  ag rees  t o  ma in ta i n  m in imum ins t ream f l ows  i n
Cranda l l  C reek  as  d i scussed  i n  Sec t i on  7 .2 .3 .1 .

Wa te r  r equ i red  f o r  dus t  supp ress ion  on  t he  hau l  r oad  i s  a l so
used  a t  a  r a te  o f  app rox ima te l y  121000  ga l l ons  pe r  day .  Du r i ng
the  120 -day  wa te r i ng  season ,  a  wa te r i ng  usage  o f  4 .4  ac re - f ee t  i s
poss ib l e .  I f  su f f i c i en t  wa te r  i s  ava i l ab le  unde rg round  t h i s
wa te r  i s  oba ined  f r om the  m ine .  O the rw i se ,  dus t  supp ress ion
wa te r  i s  ob ta i ned  f r om Cranda l l  C reek .  Hence ,  t o ta l  po tenL ia l
usage  o f  wa te r  f r om Cranda l l  C reek  resu l t s  i n  t he  d i ve rs i on  o f
abou t  13 .2  ac re - f ee t  pe r  yea r  f r om Cranda l l  C reek .  Th i s  quan t . i t y
rep resen ts  app rox ina te l y  0 .5  pe rcen t  o f  t he  ave rage  annua l  f l ow
o f  t he  s t r eam.  Th i s  pe rcen tage  i s  cons ide red  i ns i gn i f i can t .
Sha res  i n  t he  Hun t i ng ton -C leve land  I r r i ga t i on  Company  have  been
pu rchased  t o  cove r  t he  usage  o f  t h i s  wa te r .

7 .2 .5  M IT IGAT ION AND CONTROL PLANS

As  i nd i ca ted ,  r uno f f -  and  sed imen t - con t ro l  f ac i l i t i e s  have
been  des igned  f o r  t he  pe rm i t  a rea  t o  p ro tec t  t he  su r f ace
hyd ro log i c  ba lance  o f  t he  a rea  and  m i t i ga te  po ten t i a l  impac t s .
These  f ac i l i t i e s  w i l l  be  i nspec ted  qua r te r l y  i n  t he  f u tu re  t o
ensu re  adequa te  f unc t i on ing  du r i ng  ope ra t i on  o f  t he  add i t i ona l
l ease  a rea  (U  054762 ) .  Requ i red  repa i r s  w i I l  be  imp lemen ted
immed ia te l y .  A  t yp i ca l  f o rm  to  be  used  du r i ng  i nspec t i on  i s
p rov ided  i n  F i gu re  7 - I 9 .
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G E N W A L  C O A L  C O M P A N Y

DAM SAFEIY INSPECTION REPORT

DAU NAME:

HAZARD RATING:

INSPECTOR ' S

Government

STGNASTIRE:

COUNTY:

personnel at Inspection:

FOREST:

DATE:

Ownerrs Representat ive at  Inspect ion:

Storage Level at

Out f low:  Out let :

Weather:

Tlme of fnspection:

Spi l lway:

Note: A [No] in the Not AppLicable column means not observeddue to current f ield-conditions.

EMBANK}.TENT Not No Minor
APpIicable problen problern

Photographs:

Needs Crit isal
Repaj.r

Meets Design
Set t l ing
Slurnps/Sloughing
Cracklng
Erosion
Seepage
Drains
Riprap
Veg'e!ation
Rodents
Debr is

Conments and

T y p i c a l  s e d i m e n t a t i o n  p o n d  i n s p e c t i o n  f o r mE ' i c r r r o  
' 7 -  

1 9
!  ! : J  q r  e
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DAM NAME:

ABUTMENTS AND
FOUNDATION

rA9: Z

Not No
Appl icable Problen

Needs Cr i t ica l
Repair

Minor
Problem

Settl ing
cracking
Slurnps
Bulging
Seepage
Ponding
Sinkholes
Erosion

Vegetation

l 1
t J
t J
t l
t l
t l
t l
t l
r 1
L I

t l

l
1
J

l
1
J

l

?

t
t
t
t
t
t
I

t
Comments and photographs:

SPILLWAY

Meets Design
Freeboard
Control Operation
Leekage

Fron Spil lway
Into Spil lway

Erosion
Si l ta t ion
Debris
Vegetation
OutfalL Channel
Concrete Structure

Settlernent

Not No
Applicable Problem

Needs Cr i t ica l
Renair

t
t
?
L

Minor
Problem

Cracks & Spal1s t
Waterstops I
Undercutting t
Weep Holes/DrainsI

Conments and photographs:

E ' i  n r r r a  7 - 1  q
r  r Y q ! v C o n t i n u e d

7 - 7 6



DA.}l NAME:

RESERVOIR BASIN Not No
Appl icable problem

Minor
Problem

l,A(JE

Needs Cr i t ica l
Repair

Fraclures
Sinkholes
Sedimentation
Debris
Vegetatlon
Shore Stabi l i tv
Storage cage

t l
t l
t l

t l
t l
t l
t l

t
t
t
t
t
t
t

Cornrnents and photographs:

OUTLET

Meets Design
ControLs

Access {  Spi1 l
Operation
Measuring Devj.ce

Intake
Si l ta t ion
Debris
Trash Rack

Conduit
Displacenent
Deter iorat ion
Joints
Blockage
Leakage
Canber

Downstream Channel
Pool ing
Backcutting
Erosion
Vegetation
Debris

Not No
Applicable problem

i
I
?
L

t

Needs Crit ical
Repair

Minor
Froblera

t l
t l
t l

l
l
l

t l
f ' l

f l

Comments and photographs:

O 
F igure  7 -Lg .  Con t inued .
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DAM NAME:

SEEPAGE

SLI'MPS AND
STNKITOLES

PAGE 1

location gpn sedirnent conments

1  [  ] t  l t

2  |  l t  l t

3  [  ] t  l t

4  [  ] t  l t

l

l

l

l

locat ion comments

At

B t

c t

OVERATT COM!{ENIS AND RECOMIIENDATIONS

l

l

l

F  i g u r e  7  - L 9  .  C o n t i - n u e d  .
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DA$ NAME: PAGE 5

SI€TCll - Indicate Nortlr, downstreau, seeps, leaks, sinkholes etc.

F i g u r e  7 - L g .  C o n t i n u e d .
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Impac t s  f r om m in ing  t o  t he  quan t i t y  o f  wa te r  i n  t he  C randa l l
C reek  wa te rshed  a re  expec ted  t o  be  m in ima l r  ds  no ted  p rev ious l y .
I f ,  a l t e rna t i ve  wa te r  supp l i es  a re  requ i red  t o  r ep lace  ex i s t i ng
su r face  wa te r  supp l i es ,  sha res  o f  t he  Hun t i ng ton -C leve land
I r r i ga t i on  Company  owned  by  Genwa l  w i l l  be  t r ans fe red  f o r  t h i s
pu rpose .

7 .2 .6  SURFACE WAIER MONITORING PLAN

Two  36 - i nch  Pa rsha l l  f l umes  t ha t  we re  i ns ta l l ed  i n  Ju I y  1985
on  C randa l l  C reek  (one  ups t ream f rom the  su r f ace  f ac i l i t i e s  and
one  downs t ream i  see  F igu re  7 -20 ) .  These  f l umes  a re  equ ipped  w i t h
S tevens  Type -F  wa te r - I eve l  r eco rde rs  t o  a l l ow  t he  co l l ec t i on  o f
con t i nuous  f l ow  da ta .  Cha r t s  w i l l  be  changed  and  t he  f l umes
inspec ted  on  a  mon th l y  bas i s .

wa te r  qua l i t y  samp les  w i t l  be  co l l ec ted  f r om the  f l ume
loca t i ons  gua r te r l y  ( no rma l l y  i n  Janud ry ,  Ap r i l ,  Ju l y ,  and
Oc tobe r ) ,  and  ana l yzed  acco rd ing  t o  t he  l i s t  con ta i ned  i n  Tab le
7 -8 .  Eve ry  f i f t h  yea r  ( 1990 ,  1995 ,  e t c . ) ,  t he  samp les  co l l ec ted
du r i ng  t he  I ow- f l ow  pe r i od  (no rma l1y  Oc tobe r )  w i l l  be  ana l yzed
acco rd ing  t o  Tab le  7 -9 .  A11  samp les  w i I l  be  ana l yzed  f o r  t o ta l
and  d i sso l ved  cons t i t uen t s  acco rd ing  t o  t he  i nd i ca ted  1 i s t s .
D i scha rges  f r om the  sed imen ta t i on  pond  w i l l  be  ana l yzed  i n
acco rdance  w i t h  t he  NPDES pe rm i t  f o r  t he  f ac i l i t y .

Su r face -wa te r  mon i t o r i ng  da ta  w i l l  be  subm i t t ed  t o  DOGM on  a
qua r te r l y  bas i s .  A t  t he  end  o f  each  ca lenda r  yea r r  dn  annua l
summary  w i l l  be  subm i t t ed .  Th i s  annua l  summary  w i l l  ana l yze  and
desc r i be  va r i a t i ons  i n  f l ows  and  qua l i t y  du r i ng  t he  yea r  and  w i l l
i n c l ude  t ab les r  e raphs ,  hyd rog raphs ,  e t c .  as  app rop r i a te .

Due  t o  t he  c l ose  p rox i r n i t y  o f  t he  sed imen ta t i on  pond  t o
Cranda l l  C reek ,  t he  p i ezome te r  i ns ta l l ed  i n  t he  dam ( see  P la te  7 -
4 )  w i l l  be  mon i t o red  on  a  gua r te r l y  bas i s  t o  r educe  t he
l i ke l i hood  o f  a  po ten t i a l  dam fa i l u r€ .

Wa te r - I eve I  measu remen ts  w i l l  be  co l l ec ted  f r om the
p iezome te r  immed ia te l y  p r i o r  t o  and  f o l l ow ing  f u11 -sca le  c l ean
ou t  o f  t he  sed imen ta t i on  pond . I f  t h e  p r e -  a n d  p o s t - c l e a n i n g
wate r  l eve l s  va ry  by  l ess  t han  0 .5  f oo t ,  mon i t o r i ng  f o l l ow ing
c lean  ou t  w i l l  occu r  on  a  week l y  bas i s  f o r  a  pe r i od  o f  one  mon th .
I f  s i gn i f i can t  changes  a re  no t  no ted  du r i ng  t h i s  one -mon th  pe r i od
(as  de te rm ined  i n  consu l t a t i on  w i t h  DOGM) ,  t he  mon i t o r i ng
f requency  w i l l  r e tu rn  t o  a  qua r te r l y  i n t e r va l .  I f  s i gn i f i can t
wa te r -1eve l  changes  a re  no ted  du r i ng  t he  pos t - c l ean  ou t  week l y
mon i t o r i ng  pe r i od  o r  i f  t he re  i s  o the r  ev i dence  t o  i nd i ca te  t ha t
t he  embankmen t  i s  r ap id l y  sa tu ra t i ng ,  Genwa l  w i l l  no t i f y  DOGM
wi th i n  a  15 -day  pe r i od  o f  t he  wa te r - l eve l  changes  and  w i l l
mu tua l l y  ag ree  upon  add i t i ona l  mon i t o r i ng  requ i remen ts .
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Tab le  7 -8 . Abb rev ia ted  su r f ace  wa te r  ana l ys i s  1 i s t .

F i e l d  Measu remen ts :

F low
pH
Spec i f i c  conduc tance  (umhos / c rn )
Tempera tu re  (oC)
D i sso l ved  oxygen  (ppm)

Labo ra to r y  Measu remen ts  :

To ta l  d i sso l ved  so l i ds
To ta I  suspended  so l i ds
ToLa l  se t t l eab le  so l i ds
To ta l  ha rdness  (  q=  CaCO3 )
Ac  i d  i t y  (  as  CaCOr  )
B i ca rbona te  (  as  HCO3 )

Carbona te  (  as  CO3 )
Ca l c i um (as  Ca )
Ch lo r i de  (  as  C I  )
D i sso l ved  i r on  (as  Fe )
To ta l  i r on  (as  Fe )
l 4agnes ium (as  Mq)

Manganese  (as  l , l n  )
Po tass ium (as  K )
Sod ium (as  Na )
Su l f a te  ( as  SOa)
O i I  and  Grease
Ca t i on  -  An ion  ba lance
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Tab le  7 -9 . Ex tended  su r f ace  wa te r  ana l vs i s  l i s t .

F i e l d  Measu remen ts :

F Iow
pH
Spec i f i c  conduc tance  (umhos / cm)
Tempera tu re  (oC)
D i sso l ved  oxygen  (ppm)

Labora to ry  Measuremen ts  :

To ta I  d i sso l ved  so l i ds
To ta I  suspended  so l i ds
To ta l  se t t l - eab Ie  so l i ds
To ta1  ha rdness  (  ?s  CaCO3 )
Ac id i t y  ( as  CaCOr )
A lum inum (as  A1 )
A rsen i c  ( as  As )
Ba r i um (as  Ba )
B i ca rbona te  (as  HCO3)
Bo ron  (as  B )
Carbona te  (  as  CO3 )

Cadmium (as  Cd )
Ca l c i um (as  Ca )
Ch lo r i de  (as  C1 )
Ch rom ium (as  C r )
Coppe r  ( as  Cu )
F luo r i de  (as  F )
D i sso l ved  i r on  (as  F )
To ta l  f r on  (as  Fe )
Lead  (as  Pb )
Magnes ium (as  Mg)
Manganese  (as  Mn)

Mercu ry  ( as  Hq )
Mo lybdenum (as  Mo)
N i cke1  (as  N i )
N i t r ogen -Ammon ia  (as  NH3)
N i t r i t e  (  as  NOZ
N i t r a te  ( as  NOI
Po tass ium (as  K
Phospha te  (as  PO4)
Se len ium (as  Se )
Sod ium (as  Na )

Su l f a te  ( as  SOa)
Su l f i de  (as  S )
Z inc  (  as  Zn )
O i l  and  Grease
Ca t i on  -  An ion  ba lance
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The  s l ope -s tab i t i t y  ana l ys i s  p resen ted  i n  Append  i x  7 -6
assumed  tha t  l he  waLe r  l eve l  a t  t he  Loca t i on  o f  t he  p i ezome te r
(  Sec t  j . on  B -B '  )  was  a t  an  e l eva t i on  o f  7764  f ee t  ( 20  f ee t  be low
the  su r f ace  o f  t he  embankmen t  a t  t he  p i ezome te r ) .  Unde r  t hese
cond i t i ons ,  t he  dam l . r as  shown  to  be  s tab l - e .  I f  t he  wa te r  l eve l
i n  t he  p i ezome te r  r i ses  above  t h i s  e l - eva t i on ,  wa te r  w i l l  be
immed ia te l y  w i t . hd rawn  f r om the  pond .  I f  ava i l ab le  da ta  i nd i ca te
tha t  t he  wa te r  i n  t he  pond  mee ts  t he  e f f l uen t  l im i t a t i ons
con ta i ned  i n  UMC 8L7 .42  and  any  app l i cab le  NPDES pe rm i t s ,  t h i s
wa te r  w i r r  be  pumped  d i r ec t l y  t o  c randa l l  c reek .  Any  d i r ec t
d i scha rges  w i l t  be  mon i t o red  a t  t he  beg inn ing  and  end  o f  pump ing
f rom the  pond .  The  pump  i n l e t  w i l l  be  p l aced  on  a  f l oa t i ng  r i ng
to  avo id  pu l l i ng  excess  sed imen t  i n t o  t he  d i scha rge  t ube  du r i ng
pump ing .  Wa te r  w i l l  be  pumped  f r om be low  the  wa te r  su r f ace  t o
avo id  i n t r oduc t i on  o f  o i l  t o  t he  d i scha rge  wa te r .

I f  t he  pond  requ i res  rap id  dewa te r i ng  and  t he  qua l i t y  o f  t he
wa te r  i s  such  t ha t  i t  canno t  be  d i scha rged  d i r ec t l y  t o  C randa l I
c reek '  t he  wa te r  w i l l  be  pumped  i n to  sumps  con ta i ned  i n  t he
unde rg round  wo rk i ngs .  These  sumps  a re  cons t ruc ted  l a rge  enough
to  p rov ide  fo r  s to rage  o f  t he  su r face  wa te r .  Once  the  L ra te r  i n
t he  unde rg round  sumps  i s  o f  su f f i c i en t  qua r i t y  t o  mee t  t he
e f f l uen t  l im i t a t i ons  o f  uMc  8 I7 .42  and  any  app l i cab le  NPDES
perm i t s '  t he  wa te r  w i l l  be  d i scha rged  t o  C randa l l  C reek .  Genwa l
i s  cu r ren t l y  r ev i ew ing  t he i r  ex i s t i ng  NPDES pe rm i t  t o  de te rm ine
i f  a  new  o r  r ev i sed  pe rm i t  w i l l  be  requ i red  t o  d i scha rge  wa te r
f r om Lhe  sed imen ta t i on  pond  t o  t he  unde rg round  wo rk i ngs  and
thence  t o  t he  c reek .

Du r i ng  t he  pos t -ope ra t i ona l  pe r i od ,  su r f ace -wa te r  da ta  w i l l
be  co l l ec ted  f r om the  uppe r  and  l owe r  s ta t i ons  shown  i n  F igu re  7 -
20  and  t he  i n f l ow  t o  t he  sed imen ta t i on  pond  as  i nd i ca ted  on  P la te
3 -4 '  F l ow  da ta  w i I I  be  co l l ec ted  con t i nuous l y  f r om the  f l umes  a t
t he  uppe r  and  l owe r  C randa l l  C reek  s ta t i ons  and  tw i ce  annua l l y
(du r i ng  t he  h i gh -  and  l ow- f l ow  seasons )  f r om the  sed imen ta t i on
pond  i n f l ow  du r i ng  t he  posL -m in ing  pe r i od .  I n  add i t i on r  wd te r -
qua l i t y  samp les  w i l l  be  co l l ec ted  f r om each  s ta t i on  du r i ng  t he
h igh -  and  l ow- f l ow  seasons  f o l l ow ing  m in ing .  These  samp les  w i l l
be  ana l yzed  f o r  t he  pa rame te rs  l i s t ed  i n  Tab le  7 -8 .  Da ta  t hus
co l l ec ted  w i l l  be  subm i t t ed  t o  DOGM on  a  gua r te r l y  bas i s .

The  pos t -m in i ng  repo r t s  w i l l  con ta i n  no t  on l y  t he  l abo ra to r y
and  f i e l d  da ta  bu t  a l so  an  assessmen t  o f  cu r ren t  impac t s  f r om
min ing  on  su r f ace -wa te r  sys tems  and  t he  amoun t  o f  r ecove ry  o f  t he
sys tem s i nce  m in ing .  Su r face -wa te r  mon i t o r i nq  f o l l ow ing  m in ing
w i l l  con t i nue  un t i l  t he  t e rm ina t i on  o f  t he  bond ing  pe r i od .
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7 .3

The  pe rm i t
C randa l l  C reek
depos i t s .  As  a
va I l ey  f l oo r .

ALLUVIAL VALLEY FLOOR DETERMINATION

a rea  i s  l oca ted  on l y
wa te rsheC  con ta i n i ng  a
resu l t ,  t he  a rea  i s  no t

i n  up land  a reas  o f  t he
th i n  venee r  o f  co l l uv i a l
unde r l a i n  by  an  a l l uv i a l

The  a rea  occup ied  by  t he  su r f ace  f ac i l i t i e s  ( ad jacen t  t o
Cranda l I  C reek  )  i s  a  s teep  r  nd r rov i r  canyon  w i t h  on l y  I im i t ed
amoun ts  o f  r ocky  a l 1uv ium.  No  ag r i cu l t u ra l  ac t i v i t i e s  have  been
conduc ted  i n  t he  a rea  i n  t he  pas t  no r  w i l l  t hey  be  i n  t he  f u tu re
due  t o  t he  I im i t ed  w id th  o f  a l l uv i um a long  t he  s t r eam ( l ess  t han
I0  f ee t )  and  t o  r es t r i c t i ve  c l ima t i c  cond  i t i ons .  Hence ,  t he
Cranda I l  C reek  a rea  ad jacen t  t o  t he  su r f ace  f ac i l i t i e s  i s  a l so
no t  an  a l l uv i a l -  va l l ey  f l oo r .  Th i s  conc lus i on  i s  suppo r ted  by
Lhe  U .S .  So i I  Conse rva t i on  Se rv i ce  ( see  Append i x  7 - I 2 ) .
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